Google 



This is a digital copy of a book that was preserved for generations on library shelves before it was carefully scanned by Google as part of a project 

to make the world's books discoverable online. 

It has survived long enough for the copyright to expire and the book to enter the public domain. A public domain book is one that was never subject 

to copyright or whose legal copyright term has expired. Whether a book is in the public domain may vary country to country. Public domain books 

are our gateways to the past, representing a wealth of history, culture and knowledge that's often difficult to discover. 

Marks, notations and other maiginalia present in the original volume will appear in this file - a reminder of this book's long journey from the 

publisher to a library and finally to you. 

Usage guidelines 

Google is proud to partner with libraries to digitize public domain materials and make them widely accessible. Public domain books belong to the 
public and we are merely their custodians. Nevertheless, this work is expensive, so in order to keep providing tliis resource, we liave taken steps to 
prevent abuse by commercial parties, including placing technical restrictions on automated querying. 
We also ask that you: 

+ Make non-commercial use of the files We designed Google Book Search for use by individuals, and we request that you use these files for 
personal, non-commercial purposes. 

+ Refrain fivm automated querying Do not send automated queries of any sort to Google's system: If you are conducting research on machine 
translation, optical character recognition or other areas where access to a large amount of text is helpful, please contact us. We encourage the 
use of public domain materials for these purposes and may be able to help. 

+ Maintain attributionTht GoogXt "watermark" you see on each file is essential for in forming people about this project and helping them find 
additional materials through Google Book Search. Please do not remove it. 

+ Keep it legal Whatever your use, remember that you are responsible for ensuring that what you are doing is legal. Do not assume that just 
because we believe a book is in the public domain for users in the United States, that the work is also in the public domain for users in other 
countries. Whether a book is still in copyright varies from country to country, and we can't offer guidance on whether any specific use of 
any specific book is allowed. Please do not assume that a book's appearance in Google Book Search means it can be used in any manner 
anywhere in the world. Copyright infringement liabili^ can be quite severe. 

About Google Book Search 

Google's mission is to organize the world's information and to make it universally accessible and useful. Google Book Search helps readers 
discover the world's books while helping authors and publishers reach new audiences. You can search through the full text of this book on the web 

at |http: //books .google .com/I 



<^ LEONARD K OPDYCKE 
iO MAY 1912 






« LEONARD S OPDYCKE 
10 MAY 1912 



2"''-^^ iVi.,v' YOfiv 



1 * 



THE 



Jy. 



FOOT-PRINTS OF THE CREATOR : 



OB, 



THE ASTEROLEPIS OF STROMNESS. 



HUGH MILLER, 

▲ UTHOK OF "THB OLD BED SANDSTONE/' ETC. 



** Wben I asked bim how this earth could have been repeopled if ever it bad under 
fone the aama fiate it waa threatened with by the comet of 1680, be answered, — * thai 
feqafaml tlM power of a Creator.' " — CondwU^t *' CoKcersalion with Sir laaae M'ewUm ** 



7BOM THE THIBD LONDON EDITION. 



• * '. " •> *, 



WITH A MEMO-IR OF T.H E AUTHOR, 

BY L 01^,18; AGASyZ. 

• • • 

• • . ; . ' .1. • ■- * • 



• • » • 



BOSTON: 
GOULD AND LINCOLN. 

69 WASHINGTOir STBXXT. 

NEW YORK : SHELDON, BLAKEMAN ft GO. 

CINCINNATI: GEO. B. BLAKCHAKD. 

1856. 




Entered according to Act of Congress, in the year 1850, by 

Gould, Kendall and Lincoln, 

(n the Clerk's Office of the District C j art for the District of Massachnsettii 






.• • 






• • •• 

• • • 

••• • 



• • • •• 

• • • 

• •• • 
•• •• 

• • 



. • • ••• • •• • 

• ! . •••• • •• 

..• J 



• • •• 
• •• 

• •• • 






••• • 



• • • 



• • :•:. 



••• • 






STEREOTYPED "Af ♦THE *BOSTt)>f' STERROTYrB FOUNDBY. 



Printed oy G C Rand & Co., Ni.. 3 (VruliiU. 



SIR PHILIP DE MAIPAS GREY EGERTOPf, 



BART. M. P.. P. R.S. ftG. 6 



Toyju,Sir,as our highest British authority on fossil fishes, 
[ take ibe liberty of dedicating this Utile volume. In tracing 
the history of Creation, aa illustrated in that iclithyic division 
of the veitebrata which is at once the most aDcicnC and ihe 
most extensively preserved,! have introduced a considerable 
amount of fact and observation, for the general integrity ot 
which my appeal must lie, not to the writings of my friends 
the geologists, but lo the strangely significant record in- 
scribed in the rocks, which ■[ ia their highest merit justly to 
interpret and faithfully to tiai.scrii:e.' Tlii' 'fdgenioua and 
popular author whose vie^a or- "i-eatiiin I attempt contro- 
verting, virtually carries \tV- apptjal-from science to the want 
of it. I would fain adopt an'o'pf>0s!(3 course: And my use, 
on this occasion, of your name, may serve lo evince the de- 
Hire which I entertain that the collalion of my transcripts of 
hitherto uncopied portions of the geologic history with the 
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I jry itself, should be in the hands of men qualified, by 
_ original vigor of faculty and the patient research of years, 
either to detect the erroneous or to certify the irue. Fur- 
I ther, I feel peculiar pleasure in availing myself of the op- 
portunity furnished me, by the publication of this little work, 
of giving expression to my sincere respect for one who, oc- 
cupying a high place in society, and deriving his descent 
from names illustrious in history, has wisely taken up the 
true position of birth and rank in an enlightened country and 
age ; and who, in asserting, by his modesl, persevering la- 
bors, his proper standing in the scientific world, bos rendered 
himself first among his countrymen in an interesting depart- 
ment of Natural Science, to which there is no arislocralic or 
' royal road." 

I have ibe honor to be. Sir, 

With admiration and respect, 

Your obedient bumble servant, 

HUGH MILLER. 




These are chapters in this liltle volume whicli 
w ill, I am afraid, be deemed too prolix by the general 
reader, and which yet the geologist would like less 
were there any portion of them away. They refer 
chiefly to organisms not hitherto figured nor described, 
and must owe their modicum of value to that very 
minuteness of detail which, by critics of the merely 
literary type, unacquainted with fossils, and not greatly 
interested in them, may be regarded as a formidable 
defect, suited to overlay the general subject of the 
work. Perhaps the best mode of compromising the 
matter may be to intimate, as if by beacon, at the 
outset, the more repulsive chapters ; somewhat in the 
way that the servants of the Humane Society indi- 



cate to the skater who frequents in winter the lakes 
in the neighborhood of Edinburgh, those parts of the 
ice on which he might be in danger of losing him- 
self. I would recommend, then, readers not particu- 
larly paleeontological, to pass but lightly over the 
whole of my fourth and fifth chapters, with the latter 
half of the Ihird, marking, however, as they skim the 
pages, the conclusions at which I arrive regarding the 
bulk and organization of the extraordinary animal 
described, and the data on which these are founded. 
My book, like an Irish landscape dotted with green 
bogs, has its portions on which it may be perilous for 
the unpractised surveyor to make any considerable 
stand, but across which he may safely take his sights 
and lay down his angles. 

It will, I trust, be found, that in dealing with errors 
which, in at least their primary bearing, affect ques- 
tions of science, I have not offended against the cour- 
tesies of scientific controversy. True, they are errors 
which also involve moral consequences. There is a 
species of superstition which inclines men to take or4 
trust whatever assumes the name of science; and 
which seems to be a reaction on the old superstition, 
that hid faith in witches, but none in Sir Isaac New- 
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TO THE READER. VII 

ton, and belie\*ed in ghosts, but failed to credit the 
Gregorian calsndar. And, owing maiuly to the wide 
diffusion of this credulous spirit of the modern type, 
as little disposed to examine what it receives as its 
ancient unreasoning predecessor, the development 
doctrines are doing much harm on both sides of [he 
Atlantic, especially among intelligent mechanics, and 
a class of young men engaged in the subordinate de- 
partments of trade and the law. And the harm, thus 
considerable in amount, must be necessarily more than 
merely considerable in degree. For it invariably hap- 
pens, that when persons in these walks become ma- 
terialists, they become also turbulent subjects and bad 
men. That belief in the existence after death, which 
forms the distinguishing instinct of humanity, is too 
part of man's moral constitution not to be 
when away ; and so, when once fairly eradi- 
cated, the life and conduct rarely fail to betray its 
absence. But I have not, from any consideration of 
the mischief thus effected, written as if arguments, 
like cannon-balls, could be rendered more formidable 
than in the cool state by being made red-hot. I hare 
not even felt, in discussing the question, as if I had 
a man before me as an opponent; for though my 
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work conta'na numerous references to the author of 
tho "Yestiges," I have invariably thought on these 
ORCBsions, not of the, anonymous writer of the vol- 
ume, of whom I know nothing, but simply of an in- 
genious, well-written book, unfortunate in its facts, 
and not always very happy iu its reasonings. Fur- 
ther, I do not think that palseontological fact, in its 
bearing on the points at issue, is of such a doubtful 
complexion as to leave the geologist, however much 
from moral considerations in earnest in the matter, 
any very serious excuse for losing his temper. 

In my reference to the three great divisions of the 
geologic scale, I designate as Palmozoic all the fossil- 
iferous rocks, from the first appearance of organic ex- 
istence down to the close of the Permian system ; all 
as Secondary, from the close of the Permian system 
down to the close of the Cretaceous deposits ; and all 
as Tertiary, from the close of the Cretaceous deposits 
down to the introduction of man. The Avood-cuts 
of the volume, of which at least nine tenths of the 
whole represent objects never figured before, were 
drawn ind cut by Mr. John Adams of Edinburgh, 
(8, Heriot Place,) with a degree of care and skill 
which has left me no reason to regret my distance 



from- the London artbts and engravers. So far at 
least as the objects could be adequately represented 
on wood, and in the limited space at Mr. Adams' 
command, their truth is such that I can safely recom- 
mend them to the palssontologist. lit the accompa- 
nying descriptions, and in my statements of geologic 
fact in general, it will, I hope, be seen that I have 
not exaggerated the peculiar features on which I have 
founded, nor rendered truth partial in order to make 
it serve a purpose. Where I have reasoned and in- 
ferred, the reader will of course be able to judge for 
himself whether the argument be sound or the deduc- 
tion just ; and to weigh, where I have merely specu- 
lated, the probability of the speculation ; but as, in 
at least some of my statements of fact, he might lie 
more at my mercy, I have striven in every instance 
to make these adequately representative of the ac- 
tualities to which they refer. And so, if it be ulti- 
mately found that on some occasions I have misled 
others, it will, I hope, be also seen to be only in cases 
in which I have been mistaken myself The first or 
popular title of my work, " Foot-prints of the Cre- 
ator," I owe to Dr. Hetherington, ihe well-known 
historian of the Church of Scotland. My other va- 
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rious obligations to my friends, literary and scientific, 
the reader will find acknowledged in the body of the 
volume, as the occasion occurs of availing myself of 
either the information communicated, or the organ- 
ism, recent or extinct, lent me or given. 
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"OLD RID BANDSTONE" AND "FOOTPRINTS OF THE ClEATOf • 



The geological works of Hugh Millar have excited the greatest 
interest, Dot only mnong Bcientifl.c men, but also among general read- 
ers. There is ia thera a freshness of conception, a power of argn- 
mentatioji, g depth of thought, a purity of feelinga, rarely m« With 
in worts of that character, which, are well calculated to call forth 
apnpathy, and to incceaae the popularity of a science which has al- 
ready done »o ranch to expand onr Tie«-B of the Plan ot Creation. 
The scientific illustrations published by Mr. Miller are most happily 
Eorohined with conaiderotions of a higher order, rendering both 
equally acceptable to the thinking reader. But what is in a great 
degree peculiar to our author, ia the successful combination of Chris- 
tian doctrines with pure scientific truths. On that account, his 
works deserve peculiar attention. His gcneralizationi have nothing 
of the vagueness which too often charactcriie the writings of those 
authors who have attempted to maie the results of science subservi- 
ent to the cause ot religion. Struck with the beauty of Mr. Mtller't 
works, it has for some time post been my wish to see them more extea- 
■ dvely circulated in this nountry ; nnd I have obtained leave from tht 
author to publish an American edition of his " Footprints of the 
Creator," for which he has most liberally furnished the publisherf 
with the admirable wood-cuts of the original) 

While preparing some additional chapters, and various notes illua- 
trative of certain points alluded ta incidentally in this work, .t was 
deemeil advisable to preface it with a short biagraphical notice of 
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[he author. I had already Bketchcd aucli b paper, when I becBme 
acquainted with a full memoir of this remarkable man, containing 
most interesting details of his earlier life, written by that eminent 
historian of the " Martyrs of Science," liie great natural philosopher 
of S(x>tland. It has occurred to me that, owing to the frequent ref- 
erences wliich I could not avoid to my own researches, I had better 
BubBtitute this ample Biography for my short sketch, with such alter^ 
aCionH and additions as the coimection in which it is brought here 
wculd require. I therefore proceed to introduce our author mth Sir 
David Brewster's own words r — 

Of all the studies which relate to the material universe, there 
is none, perhaps, which appeals so powerfully to our senses, or 
which corae-i into such close and immediate contact with our wants 
and enjoyments, as that of Geology. In our hourly walks, whether 
on business or for pleasure, we trend with heedless step upon the ap- 
parently onioteresting objects wbich it embraces: but could we 
rightly interrogate the rounded pebble at our feet, it would read us 
an eioiting chapter on the history of primeval times, and would tell 
UB of the convulsions by which it was wrenched from its parent rock, 
and of the floods t;y which it was abraded and transported to its 
present humble locality. lu our visit to the picturesque and the 
sublime in nature, we are brought into closer proximity to the more 
interesting phenomena of geology. In the precipices which protect 
our rock-girt shores, which flank our mountain glens, or which va- 
riegate our lowland valleys, and in the shapeless fragments at thdr 
base, which the lichen colors, and round which the ivy twines, we 
see the remnants of uplifted and shattered beds, which on(« re- 
posed in peace at the bottom of the ocean. Nor does the rounded 
boulder, which would have defied the lapidary's wheel of the Giant 
Age, give forth a less oracular response from its grave of elay, or 
from its Uir of sand. Floated by ice from some Alpine summit, or 
hurried along in torrents of mud, and floods of water, it may have 
traversed a quarter of the globe, amid the crash of falling for- 
ests, and the death shrieks of the noble animals which they sheltered. 
The mountain range. Coo, with its eatacombs below, along which the 
earthquake trnnamits its terrific sounds, reminds us of the mighty 
power by which it was upheaved; — while the lofty peak, with its 
cop of ice, or its nosli-ils of fire, places in our view the tremendous 
agencies which have hocr at work beneath us. 

But it is not merely amid the powers of external nature that the 
joca hidden things of the Earth are presented to our view. Oui 
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.tffiiiples and oar palaoea ate foimed tram the rocks of n {jrimcvnl age ■ 
bearing the verj rippie-marka of a Pre- Adamite ocean, — grooved by 
tliB passage of the once maring boitldcr, and emboaDming the relics 
of Buriciit life, and the plants liy which it vua Biutalncd. Ooz 
dweUings, too, are ornamented with the variegated limeEtones, — Hie 
indnxated toiaba of molluscous life, — and our BpartmcotH heated 
with tho carhoQ of primeval ibreats, and lighted with the gBseoog 
element which it contiDea. The obeliak of granite, and the calosaal 
bronze which transmit to fntiire ages the deads of the hero luid the 
aago, are equallj' tlie production of the Earth's prolific womb ; and 
from the green bed of the ocean hoa beca rmecd the pure and apot- 
leoB marble, to mould the divine lineantents of beanty, and perpetu- 
ate the eipresHions of intellectual power. From a remoter age, and 
a still greater depth, the primary and secondary rocks have yielded ft 
rich tribute to the chaplet of rank, and to the proces^jcs of art. 

Exhibiting, as tC peculiarly does, almost all those objects of inter- 
eat and research, Scotland has been diligently studied both by nS' 
liTB and foreign observers ; Bud she has sent into the geological field 
a distinguished group of inquirers, who have performed a noble feat 
in exploring the general structure of the Earth, in decypboring it* 
ancient m.aTiumentu, and in unlockicg those etorehouses of miiiertl 
wealth, from which dvilizod man derives the oleraenta of that gigan- 
tio power which his otherwise feeble arm wields over nature. 

The occurrence of shells on the highest mountains, and the re- 
mains of plants and animals, which the most superHcial observer 
could not fail to notice, in the rocks around him, have for centuries 
commanded the attention and exercised the ingenuity of every stu- 
dent of nature. liut though spurks of geological truth were &om 
time to time elicited by speculative minds, it was not tOl the end of 
the last century that its great lights broke forth, and that it took the 
form and character of one of the noblest of the sciences. Without 
undervaluing the labors of Werner, and other illustrious foreigners, 
or those of our southern countrymen, Mitchell and Smith, at the 
Eloae of the last centiu'y, we may characterize the commencement of 
the present as the brightest period of geological discovery, and place 
its most active locality in the northern metropolis of our ialanil. It 
was doubtless irom the Royal Society of Edinburgh, as a centre, that 
a great geological impulse was propagated santhward, and it was by 
the collision of the Wemerian and Huttonian views, the antagonist 
theories of water and of fire, that men of intellectual power were 
iimmoned &om other studies ; and that grand truths, which tanali 
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n and intolpraoce Irnil Mttieito abjured, iobb triiimpliBnt o- 
onince and bigotry of the ages. The Geological Society of London, 
which doubtloaa sprung from the excitement in the Scottish, metropo- 
lis, entered on the new field of reacurch with a faltering step. The 
prejudices of the English mind had been marahallcd with illiberal 
violenee against the Huttonian doctrines. Infidelity and Athdam 
ire charged against their Bupportcra ; and had there been a Protea- 
it Inquisition in England at that period of general political c^teite- 
ment, the geologuls of the north would have been immured in its 
deepest dungeons. 

Truth, however, marched apace ; and though her simple but ma- 
jestic procession be oiten Boletnn and slow, and her votaries few and 
diy'ected, ytt on this, as on ever)- occasion, eho triumphed over the 
it inveterate prepossessions, and finally took up her abode in those 
y balls and inatitutiona where she had been persecuted and re- 
viled. When their science had been thua acquitted of the charge of 
ty and irreligion, the memhers of the Geological Society lefl 
their humble and timid position of l)cing the collectors only of t/ia 
ialt of future generaliiatioixs, and became at once the most suc- 
cessful observers of geological phenomena, and the boldest asserters 

of geological truth. 

In this field of leacarch, in which the physical, as well oa the in- 
tellectual, frame of the philosopher ia made tributary to science, two 
c countrymen — Sir Roderick Murchison and Sir Charles Lyell 
— have been among our most active laborers. From the study of 
their native glens, these distinguished travellers, like the Eumholdta 
and the Von Buchs of the continent, have passed into foreign lands, 
exploring the north and the aoutb of Europe, and estending their 
labors to the eastern rangca of the Ural and the Timan, and to the 
Apallachians and the AUeghanies in the far west. But while our 

"0 eounlrymen were interrogating the strata of other lands, many 
able and active laborers had been at work in their own. 

Among the eminent students of the structure of the earth, Jlr. 
Hugh Miller holds a lofty place, not merely from the discovery of 
new Riid undeacribed organisms in the Old Red Sandstone, but from 
the accuracy and beauty of hia descriptions, the purity and clegancB 
of his composition, and the high tone of philosophy and religion 
which distinguishes all liia writings. "Hx. Miller is one of the few 
individuals in the history of Scottish science who have raised 
themselves above the labors of an humble profession, by the force 
4f thoii genius and the excellence of their character, to a compara- 



tivelj high place in the Bocial scnle. Mr. Tclfard, like Mr. Jliller, 
fallowed tho professiDn of a 9tOD«-mmioit, bcforo hia industry oud 
Belf-tnition qualified him for tho higher fimctiona of mi aichilett 
aad an engineer. And Mr. Watt and Mr. Iteiinie roao to 'wealth 
end fbmo without the aid of a university education. But, distin- 
guished as those individuals were, nona of them pOSseHsed those 
quelitiea of mind which Mr. Miller has exhibited in his writiiigs ; 
and, with the exception of Buma, the uneducated genius which hoa 
done honor to Scotland during the laat <:ciitur7, baa never diaplayed 
that mental reSnemcnt, and classical taste, and intellectual energy 
which mack all tho writings of our authoi. We wish thiLt we 
conld have gratified our readers with an authentic and even detailed 
ntttTBtiTe of tho preyiona history of so remarkable a writer, and of 
tho steps by which bis knowledge was acquired, and the difficulties 
which ho encountered in its pursuit ; but though this is not, to any 
great extent, in our power, we sball at least be able, chiefly from 
Mr. Miller's own writings, to follow him throughout bis geological 

Mr. Miller was bam at Cromarty, of humble but respectable pa- 

Tenta, whose history would haTepossessed no inconsiderablo interest, 
even if it had not derived one of a higher kind from the genius and 
fortunes of their child. By tho paternal side ho was desccndad 
from a race of sea-taring people, whose family burying- ground, if 
WG judge from the past, seems to be the sea. Under its green waves 
his iither sloops : his grandfather, his two granduncles, one of whom 
sailed round the world with Anson, lie also there ; and the same 
extensive cemetery contains the reEics of several of his more distant 
relatives. TTin father was but an infant of scjirccly a year old, at 
the death of our author's grandfather, and had to commence life as a 
poor ship-boy ; but such was the energy of his mind, that, when 
little turned of thirty, he had become the master and owner of a 
fine large sloop, and had built himself a good house, which entitled 
his son to the franchise on the passing of the Reform BilL Having 
unfortunately lost his sloop in a storm, he had to begin the world 
anew, and he soon became muster Eind owner of another, and would 
have thriven, had he lived ; but the hereditary fate was too strong 
for him, and when our author was a little boy of five summers, his 
father's fine now sloop foundered at eea in a terrible tempest, and 
he and Ms crew were never mora heard ol. Mr. Miller had two 
paters younger than himself both of whom died ere they attained 
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^M to woraantioad. Hia mother experienced the usual difficulties 

^M which a widow has to encounter in the decent education of hei 

^1 Camilj ; but she struggled honestljr and succeasfully, and ultimately 

H found her reward in the charaeter and fame of her eon. It ia from 

^M this eicallent woman that Mr. Miller has inherited those sentiments 

^P and feelinga which hare given energy to hia talents as the defender 

* of revealed truth, and the champion of the Church of his fatherB, 

Shn was the great granddaughter of it venerable man, still well 

knrwn to tradition iu the north of Scotland as Donald Roy of Nigg, 

— a sort of northern Pedon, who is described in the history of our 

Church as the single individual who, at the age of eighty, when the 

presbytery of the district had assembled in the empty church for 

the purpose of inducting an obnoxious prcacntcc, had the courage 

to protest against the intruuan, and to declare " that the blood of 

the people of Nigg would be required at their hands, if they settled 

a man iothe vtalli of that church." Tradition has represented him 

as a seer of viaions, and n piopheelcr of prophecies ; but whatever 

credit may be given to stories of this kind, which have been told 

also of KnoK, Welsh, and Rutherford, this ancient champion of 

N6a-TntruBion vas a man of genuine piety, and the savor of his 
ennobling beliefs and his strict morals has survived in his family 
for generations. Jf the child ot such parents did not receive tho beat 
educttWon which his native town could afford, it was not their fault, 
nor that of his teacher. The fetters of a gymnasium are not easily 
worn by the adventurous youth who has sought and found hispleas- 

tures among the >iri° and on the waters. They chafe the young and 
active limb that ha.s grown vigorous under the blue sky, and never 
known repose but at midnight. The young philosopher of Cromarty 
was a member of this restless community ; and ho had been the hero 
of adventures and accidents among rocks and woods, which are fltill 
remembered in his native town. The parish school was therefore 
not the scene of his enjoyraeuta ; and while ho was a truant, and, 

I with reverence be it spoken, a dunce, while under its iurisdiction, 
he was busy in the fields and on the sea-ahore in collecting those 
atorea of knowledge which he was bom to dispense among his fellow- 
men. He escaped, however, from achool, with the knowledge of 
reading, writing, and a little arithmetic, and with the credit of unit- 
ing a great roemory vrith a little scholarship. Unlike his illustrious 
predeceasor, Cuvier, he had studied Natural History in the fields and 
■mong the mountains eie he had sought for it in books i while th« 
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Freach p'ilonopher had become a learned naturalint before he hud 
even looked upon the 'world of Nature. This siitgular contiaat it 
Id not diffi::ii1t to eiptun. With a sickly conatitutiaa and a delicate 
frame, Ihe youthful Cutiec wanted thit physical BctJTity which the 
obBcrvation of Nature demauda. Oux Scottish geologist, on the con- 
trary, in vigorous health, and with an iron frame, rushed to the 
roclu and the sea-ahore in search of the instruction which was not 
provided fbi him at sohoo!, and which he could find no books to 
supply. 

After rec^ying this messuie of education, Mr. Miller set out in 
February, 1821, with a heavy heart, aa he himself confesses, " to 
niake Ma Grst acquaintance with a life of labor and rcstiaint : " — 

" I was but a alim, loOBB-ioinlcd boy at the lime, fond of the pretty 
intangibllitiiB of romance, and of dreaming when broad awake ; and wo- 
ful change! 1 was now going to work at what Burns has instanced inbia 
' T«a Doga ' as one of the moat diaagtceable of all employmeoti — to 
work in a quarry. Bating the paiaing uneasiness occasioned by a few 
gloomy anticipations, the portion of my life which had already gone by 
had been happy beyond the common lot. I had been a wanderer among 
racksandnocds,— a reader of curious books, when I could get them, — a 

all my day-dteams and all my amuaemacta for the kind of Ufe in which 
men toil every day that they may be enabled to eat, and eat erery day 
that they may be enabled to toil. The quarry in which I nronght lay on 
the southern shore of a noble inland bay, or frith, rather, (the Bay of 
Cromarty,) with a litUe, clear stream on the one aide, and a thick Hr wood 
on the other. It had been opened in ttio Old Red Sandstone of Ihe dis- 
trict, and was overtopped by a huge bank of diluvial clay, and which rose 
over it in some places to the height of nearly thirty feet." — OW Btd 
Sandatotii, p, i. 

After removing (he loose fragments below, picks and wedges and 
levers were applied in vain by our author and his brother workmen 
to tear np and remove the huge strata beneath. Blasting by gun- 
powder became neooasary. A mass of the diluvial clay came tumbling 
down, " bearing with it two dead birds, that in a recent storm had 
crept into one of the deeper flsButes, to die in the shelter." While 
admiring the pretty cock goldfinch, and the light-blue and grayish- 
yellow woodpecker, and moralizing on their fate, tho workmen were 
ordered to lay aside their tools, and thus ended the first day's labor 
of OUT young geologist. The sun was then sinking behind the thick 
fir vrood behind him, and the long dark shadows of the trees stretob- 
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ing to the abate. Notwithstanding lua blistered hands, and tha 
tatigno which blistered them, he found himself next morning as light 
of hemt as hia fellow- laborers, and able to enjoy the magnificent 
Hceneiy around him, which ho thus so beautifullj' describes : — 

" There had been a smart ftost during Iho night, and the rime lay white 
on the grass as we passed onwarils through the fields; but the sun rose in 
a clear atmoapherej and the day mellowed aa it adTinoea into one of those 
delightful da JB of earlj spring which give so pleasingan earnest ot what- 
ever is mild and genial in the better half of the year. All the worliinea 
rested a.C midday, and I went to enjoy my half hoar alone on a mossy 
knoll in (be neighboring wood, which, commands through tlie trees a wide 
prospect of the bay and the opposite share. There was not a wrinkle an 

the calm as if they had been traced on canTos. From a wooded promon- 
tory that stretched half way across the frith, there ascended a thin col- 
umn of smoko. It rose straight on the line of a plummet fur more than a, 
thousand yards; and then, as reaching a thinner stratum of air, spread out 
equally on every side, like the foliage of a stately tree. Ben Weiis roso 
to the west, white with the yet unwasted tnowa of winter, and aa sharply 
defined In the clear atmoaphere as if all ita sunny slopes and blue retiring 

below was purple." — 02(I Ji«I 

la raising from its bed the large mass of sliata which the gnnpow- 
der had loosened, on the surface of the solid stone, our young quai- 
rier descried the ridged and furroned ripple marks which the tide 
leaves upon every sandy shore, and he wondered what had become 
of the waves that had thus Jjetted the solid rock, and of what ele- 
ment they had been composed. His admiration was eq^ually escited 
by a circular depression in the sandstone, " broken and flawed in 
every direction, aa if it had been the bottom of a pool recently dried 
up, which had shrunk and split in the hardening." And before the 
day closed, a series of large stones had rolled down from the day, 
" all rounded and water- worn, as if they had been tossed in the sea 
or the bed of a river for hundreds of years." Was the clay which, 
enclosed them created on the rock upon which it lay ? No workman 
ever manufactures a half-worn article ! — were the ejaculations of 
the geologist at his alphabet. 

Our author and his companions were soon removed to an easier 
wrought quarry, and one more pregnant with interest, which had 
oeen opened "in a lofty wall of cMs that overhangs the north^n 
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e ue jn one place the primar; rock, Kith ita vein* of ^nnite uid 
, — its dizzj precipicei of gneisi, and lis huge mMiei of hornblende : 
,d the seoondaijr took in ■nolher, with ita bed of iand«tone tnd 
— its ipar». ita clayi. and iti nodutar Umentonea. We diaoover the 
Itle known but highly interesting fossils of the Old Red Sandatone 
depouitioni we find the bisutifully preserred ahella md h'Rnilea 
of the liiB in another. There are the remsina of two aeieral creationa at 
lefuieui. The ahore, too, Is heaped with rolled Cragmenta of almost 
variety of rock, — basalts, jronstonea, hyperalhenea, porphyriea, 
inona shales, and micaceoua achists. In short, theyoung geologist, 
e all Europe before him, could hardly choose for bimaclf « better 
. field. 1 had, however, no one to lell me so at the time, for geology had 
t travelled ao far north; and ao, without guide or vocabulary, 1 had 
to grope my way as I best might, and find out all iu wondera for myself. 
I slow was tbe process, snd so much waa I a seeker in the dark, that 
»he facta contained io these few sentencee were the patient gatheringa of 
years." — Old Std Sandtione, pp. 9, 10. 

In this rich field of inquiry, our author encountered, almost dnilj, 
V objecta of wonder and instruction. In one nodular mass of 
limestone he found the beautiful ammonite, like ona of the flnely 
sculptured volutea of on Ionic capital. Within others, fiah-acolea 
and bivalve shells ; and in the centre of another be delected a piece 
■ of decayed wood. Upon quitting the quarry for the building upon 
which Ihe workmen were ti} be employed, the workmen received 
lialf a hoKday, and Qui young philoeopber devoted this valuabla 
Interval to search for certain curiously shaped stones, which one of 
the qnarrieiB told him resembled the heads of boarding-pikes, and 
irhich, under the name of thmider-boUi, were held to be a sovereign 
xemody fbr cattle that had been bewitched. On the shore two miles 
off, where he expected these remarkable bodicB, he found depoaita 
quite difTerent either from the sandstone cliffs or the primary rooks 
'ftirther to the weal. They consisted of "thin strats of limestone, 
alternating with thicker beds of a. black slaty subslsnee," which 
imed with a bright flame and a bituminous odor. Though only 
a eighth part of an inch thick, each layer contained thousands of 
ibasils peculiar to the lias, — scallops and gryphites, ammonites, twigs 
d leaves of plants, cones of pine, pieces of charcoal, and scales of 
&hes, — the impressions being of a chalky whiteness, contrasting 
•trikingly with their black bituminous lajr. Among these fragments 
vf animal and vegetable life, he at last detected his thunder-bolt in the 
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u of a kind of outdo-flsli long Bine* 



In the sxercUe of his pro&aaion, wliich ■■ was a wandering o 
our author adrnnccd steadily, though slowly and aurely. in hia 
logical acqaircmentB. 



le Old Red Sao datone lean* at a high 
ock oC the district, to where, on the 
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angle against (he prevailing quarti 
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Doal. I have resided one season 01 
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and contorted schists of the ci 

have disinterred from their m 
and tree ferns of the oarboi 

the Old Bed Saodatone ; ther 
ures, none of the Hew Red 
three entire systems omitted. But the upper portion of the scale is well- 
nigh Eomplete. In one locality we may pass from the Lower to the Upper 
Lias, in another from the Inferior to the Great Oolite, and onward to the 
Oxford Clay Find thf Coral Rag. We ms.y explore in a third locality beda 
identical in their organisms with the Wealden of Sussex. Ic a fourth, we 
find the Bints and fossils of the chalk. The lower part of the scale ii 
also well-nigh complete. The Old Red Sandstone is amply developed in 
Moray, Caithness, and Rosa, and the Orauwacke very eitensively in 
Ban^hire. But to acquaint one's self with the three missing forma tiona, 
— to complete one'a knowledge of tho entire scale, by filling up the 
histUB, — it is necessary to remove to the south. The geology of the Lo- 
thiansis the geology of at least two thirds of the gap, and perhaps a 
little more ; — the geology of Arran wants only a few of the upper beda 
of the New Red Sandstone to fill it entirely." — OU flerf Satiditone, 
pp. 13-17. 

After having spent cearly fifteen years in the profession of aatone- 
mason, Mr. Miller was promoted to a position more suited to hia 
genius. When a bank was cstabllahed in hia native town of Crom- 
arty, he received the appointment of accountant, and he was thus 
employed, for five years, in keeping ledgers and discounUng biUa. 
"Wbcm tho contest in the Church of Scotland had eome to a close, by 
the decision of the House of Lords in the Auchterarder Case, Mr, 
Miller's celebrated letter to Lord Brougham attracted the particu- 
lar attention of the party which was about to leave the Eatablish- 
ment, and he was selected as the most competent person to conduct 
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C CSntti newspaper, the ptincipa! mctropolitmi drgan of the Free 
Cl.kiich. The great succcbb which this journal has met with ia owing, 
doubtless, to the fine articles, poEtical, ecclesiastical, and geologicnl, 
which Mr, Miller has written for it. In the few leisure hours which 
BO engroasing an occupation has allowed him to enjoy, he has devoted 
himself to the ardent pioaccutioii of sdeutiflc inquiries ; and we tniat 
the time is not &r distant when the liberality of his countr)', to whicb 
he has done so much honor, will allow him to give his whale time to 
the prosecution of science. 

Geolagiata of high character had believed tlint the Old Red Sand- 
stone was defectiTB in organic remmns ; and it was not till after ten 
yeaia' acquaintance with it that Ur. Miller discoTered it to be ricAli/ 
Jbailiferoas. The labors of other tea years wore required to ossiga 
to its fossils thctr exact place in the scale. 

Among the fossils disoOTOred by our author, the FtericlUhys or 
winged fish is doubtless the most remarkable. He had disinterred it 
BO early us 1831, but it was only in 1333 that he •■ introduced it to 
the acquaintance of geologists." It was not till 1631 that Hi. Miller 
began to receive assistance in his studies from without. lu the ap- 
pendiji to Messrs. Anderson of Inveniesa's admirable Guido to th» 
Hishlands and Iilandt of Scotl/md, whicb " he pernsed with intense 
interest," he found the most important information respecting the 
geology of the North of Scotland ; and during a correspondence with 
the accomplished authors of that work, many of ills views were de- 
Tclopcd, and hia difficulties removed. In 1B38, he communicated to 
Dr. Malcolmson of Madras, then m Paris, a drawing and desciiptioii 
of the PterichlAi/a. His letter was submitted to Agassiz, and subse- 
quently a restored drawing was communicated to the Elgin Scientilie 
Society. The great naturalist, as well as the members of the provincial 
society, were surprised at the new farm of life which Mr. Miller had 
disclosed, and some of them, no doubt, regarded it with a sceptical eye. 
■' Not many months after, howeyec, a true bona fidt Ptenc/U/tya was 
turned up in one of the newly-diacovered beds of KMmshire." In his 
ast visit to Scotland, Agasaiz found sis species of the Plerie/ilhi/i,tbiee 
•t which, and the wings of a fourth, were in Mr. Miller'a collection, 
This remarkable animal has less resemblance than any other fossil 
of the Old Red Sandstone to anything that now exists. When first 
brought to view by tba single blow of a hammer, there appeared on 
ft ground of light-colored limestone the effigy of a creature, fash- 
ioned apjiarently out of jet, with a body covered with plates, two 
powerful looking arms articulated at the shonldcis, a head as rn- 



tirely lost in the trunk sb thnt of the roy, (or skEte,) and a long 
sngnlar tail, eq^ual in length, to a third of the entire figure. Its 
general resemblance ia to the letter T, — the upper part of the ver- 
tical line being swelled out, and the lower part ending in an angular 
point, the two horizontal portions being, in the opinion of Agassi:!, 
organs of loontnotion. To this remarkable fossil M. Agasaiz has 
gicen the appropriate name of Pterkhthy MiUeri. An account (rf it, 
accompanied with two &ne specimens, was communicated to the 
Qcological Section of the BtitiBh Association at Glasgow, in Sep' 
tember, 1810 ; and the moEt ample details, with accurate drawings, 
were afterwards published, in 1841, in Mr. Miller's Srst work. The 
Old Red Handttoiis, which was dedicated to Sir Roderick Murchisnn, 
who was bom on the Old Red Sandstone of the North, in the same 
district Bs Mr. Miller, and whose great acquirements and distin- 
guished labors are known all over the world among scientific men. 
This edmliablc work has already passed through three editiooa. 
From the originahty and nccucacy of its deacriptions, and the im.- 
portance of the leseaichcs which it contains, it has obt[uned for Its 
author a high reputation among geologists ; while from the elegance 
and purity of its style, and the force and liveliness of its illuatrationi, 
it has receired the highest praise &om its more general readers.* 

Although we have been obliged, &om the information which it 
contains of our author's enrlir studies, to mention the "Old Red 
Sandstone" as if it had been his first work; yet so early as 1830, 
after he had made his Srat ibs^ discoveries at Cromarty, ha cont- 
posed a paper on the subject, (his first published production,) which 
appeared as one of the chapters of a small legendary and descriptive 
work, entitled TIk Traditional Hiitory of Cromarty, which did not 
appear till 1836. This chapter, entitled "The Antiquary of the 
World," possesses a high degree of interest. After describing the 
scene around him in its pictorial aspect, and under the warm associ- 
ations, which link it with existing life, he surveys it with the cool 
eye of an " antiquary of the world," studying its once buried monu- 
ments, and dccyphering the alphabet of plants and animals, the 
hieroglyphics which embosom the history of past limes and of sue- 
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sive creations. The gig&iitic Ban Weru, nith its attcndanl liilla. 

e abiuptlj to tho wcsL Tha distant pesks of Bea Vaichard ap- 
peared in the sontli, and far to the north were descried the lofty hilla 
of Siitherlandi and even the Ord-hill of Caithness. Dositending 
fcom the towers of nature's lofty edifice he surreya its-niini, its 
broken sculptures, and its half-defaced insi^riptiong, as cxhibitnl in 
certain Ichthyic remains of the Lower Old Rod Sandstone which had 
th^n DO name, and which were unknown to the most accomplished 
geologiflta. Among these he specicdly notices " a confused bitumi- 
s-looking mass that bad much the appearance of a toad or froc" 
thus shadowing forth in the morning twilight the curious Pterichlhi/t, 
■which ha was able afterwards, in better ajiecimens, to exhibit in open 
day. As we hace already referred, with some minuteness, to the 
S>ssi!a which our author had at tiiis time dJacoTCred in the great 
ehamel-houBE of the old world, we shall indulge our readers with a 
specimen of the noble sentiments wliich they inspired, and of the 
beaullful language in which those sonljments are clothed. 

quit this wondeiful city of tho dead, with all its reclining 
«belisk>, and all its sculptured tumuli, the mssioiials of a mce that eiisl 
Dnly in their tombs. And yet, ere we go, it were well, perhaps, to in- 
dulge in aome of those serious thoughCs which we so natuiall; aisociuto 
with the solitary burying-ground and the mutilated remains of the 
departed. Lot ua oaee more look aronnd us, and say, whether, of all 

much he may contemn it in the pride of speculatinn. We tread on the 
remaina of organized and sentient creatures, which, though more numer- 
ana at one period than the whole family of man, have long since ce»ed 
to exist ( the individuals perished one aftoi one — their remains served 
only to elevate the floor oa which their descendants pursued the various 
instincts ot their nature, and then sunk, like the others, to form a still 
higher layer of soil ; and now that the whole race has passed from the 
earth, and we see the animals of a different tribe occupying their places, 
what survives of them but a mass of inert and senseless matter, never 
again to be animated by the mysterious spirit of vitality — that spirit 
which, dissipated in the air, or diffused in the ocean, can, like the sweot 
•a^nds and pleasant odors of the past, be neither gathered up nor re- 
called! And 0, how dark the analogy which would lead us to antici- 
pate a similar fate for ourselves ! As individuals, we are hut as yesterday i 
to-morrow we shall be laid in our graves, and the tread of the coming 
generation ahsU bo over our heads. Nay, have wc not seen a terrible 
disease sweep away, in a few years, more than eighty millions of the race 
V> which we belong ; and can we think of this and say that a time may 
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10 endoncd us ivitti those wonderful ponera, nhich enable 
us to live la every departed era, every eoming period, has given ua to 
poasess those powers forever; that not only does he number the hain 
of our heads, but that his csres are extended to even our very remaina; 
that our very bones, instead of being left, like the emiice around us, to 
form the rocka and clays of a future world, shall, like those in the valley 
of vision, be again clothed with muscle and sinew, and that our bodies, 
animated by the nannth and vigor of life, shall again connect our souli 
10 the matter eststing around ua, and be obedient to every impulse of the 
wUl. It is surely no time, when we walk amid the dark cemeteries of a 
departed world, and see the cold blank shadows of the tombs falling 
drearily athwart the way — it is surely no time to eitingnish the light 
given us to shine so fully and so cheerfully on our own proper path, 
merely because its beams do not enlighten the recesses that yawn around 
us. And O, what mote unworthy of reasonable men than to reject so 
oonsoling a revelation on nu juster quarrel, than when it unveils to ■>• 
much of what could not otherwise bo known, and without the knowledge 
of which wa could not be other than unhappy, it leaves to the iovigorat- 



lies fully w 



MOf 0' 



ir grasp ! ' 



- The Antiquary of the World, pp. 66-fi8. 



ThB next work published by Mr. Miller was entitled. " Fir$t Jm- 
pFestiota of England and Us People,"' a popular and interesting 
Tolumc, which has already gone through two editions, and which 
may bp read with equal interest by the geolt^t, the philanthropirt, 
and the general reader. It is full of knowledge and of anecdote, and 
is written in that attractive stylo which commands the attention even 
of the most incuiloua readers. 
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of the Old Red SandBtone, or frigliteiied by n duintened ekeleton, 
(Obered by the burial-sefrice over Palieoioic gravea, we aooa 
iver our equanimicy, and again enter upon tlie Bunny path, to 
vhich oar author never Eiiils to Tcstore us. 

Mr. Miller's new worlt, the " FaotpriHti of (A« Creator" of which 
ire publish now another edition, authomed by the writer, is very 
appropriately dedicated to Sir Philip Giey EgE^rton, Bart., M. P. for 
Cheshire — n gentloman who possesgca a magnificent collection of 
fossij, and whoso skill nnd acquirements in this department of geol- 
ogy is known and appreciated both in Europe and America. Tha 
work itself is divided into fifteen chapters, in which the author treata 
of the fossil geology of the Orkneys, as exhibited in the vicinity of 
StromneaB ; of the ilevulapmont hypothesis, and its consequences ; 
of the history and Btructuiu of that icmaiknble Qsh, the AstcrolepLs; 
of the flshes of the Upper and Irfiwer Silurian rocks ; of the progress 
of degradation, and its history ; of the Laninrckian hypothesis of the 
ori^n of plants, and Its consequences ; of the Klarine and Terrestrial 
floras ; and of final causes, and their bearing on geological history. 
In the course of these chapters Mr. Miller diiH:usaca the development 
hTpatbeaia, or the hypothesis of natui&L law, an mDiutniucd by l^am- 

:k Bod hy the author of the Vestiges of Creation, and has sub- 
jected it, in ita geological aspect, to the most rigorous examination. 
Driven by the discoTeries of Lord Rosae from the domains of astron- 
omy, where it once aecmed to hold a plausible position, it might 
liave lingered with the appearance nf life among the ambiguities of 
As PoUeozoio formations ; but Mr, Miller has, with an ingenuity and 
worthy of a better subject, atrippeil it even of its semblance 
vi truth, and restored to the Creator, as Governor of the unlTcrse, 
that power and those functions which he was supposed to havo re- 
pied at its birth. 

Having imposed upon himself the task of examining in detail the 
irions fossilifetous formations of Scotland, our author oitended his 
inquiries into the mainland of Orkney, and resided for some time in 
the yionity of the busy seaport town of Stromnesa, as a central point 
fiom which the structure of the OrVney group of islands could ha 
advantageously studied. Llka that of Caithness, the geology 
fif these islands owes its principal interest to the inunensc develop- 
taent of the Lower Old Red Sandstone formation, and to the singular 
•bundonce of its Tcrtobrate fosBils. Though the Orkneys contain 
only the third part of the Old Red Sandstone, which, but a few years 
•go, wai supposed to be the least productive in fossils of any of the 
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geological formations, jct it furnishes, accoiding to Mr. Millet, more 

Ibwiil Ush. than <tDtry other geological system in England, Scotland. 

aiiil Wales, from the Coiil Measuros to the Chalk, iaclusiTe. It is, in 

■bort, " the lanii o/^h," and <■ could supply with ichtbyolites, by 

tho ton and by the ship-load, ihe museums of the world." Its vaii- 

s deposits, with Ibo curious organisms which they inclose, have 

en upliCBvcd irom their original poaition ogoiost a granitic axis, 

nut siic niilea long and one brood, " forming the great baelt-bone 

of the weatcrn district of tbe Island Pomona; and on this granitic 

axis, fast jambcd in between a steep lull and the sea, stands the town 

of StTonmess." 

The mass or pile of strata thus uplifted Ls described by Ux. Miller 
as a three-barred pyramid resting on its granite base, oidubiting 
three broad tiers*- red, black, and gray ^ — sculptured with Che hier- 
oglyphics in which its history is lecorded. The great conglomerate 
on which it rests, covering from lO.OOO Co lfi,DDD stjuare ""''"«, 
from the liepth of from 100 to 400 feet, consists of rough sand and 
r-wom pebbles ; and above this have been deposited successiva 
1 of mud, equal in height to the highest of our mountains, now 
containing the remains of mitllons and tens of millions of fish which 
hod perished in some sudden and mysterious catastrophe. 

In the examination of the different beds of tbe three-barred for- 
motion, our author discovered a well-marked bone, like a petrified 
large roofing nail, in a grayish -colored layer of bard flag, about 100 
yards over the granite, and about 160 feet over the upper stratum 
of the conglomerate. This singular bone, which Mr. Miller has rep- 
resented in a figure, was probably Che oldest vertebrate organism 
yet discovered in Orkney. It was S} inches long, 2j inches across 
tho head, and 3-lOths of an inch thick in the stem, and formed a 
characteristic feature of the Asterolepia, as yet the most gigantic of 
the ganoid fishes, and probably one of the first of the Old Sed Sand- 
stone. In his former researches, our author had found that oil of the 
many hundred ichchyolitcs which he had disinterred from the Lower 
Old lied Sandstone were comparatively of a small size, while chose in 
the Upper Old Red were of great bulk ; and hence he had naCiually 
inferred, chat Tertebratc life hod increased towards the close of the 
system — that, in short, it began with an age of dwarls, and ended 
with an age of giants ; but he had thus greatly erred, like the sup- 
porters of the development system, in founding positive conolusionB 
on merely negative evidence ; tor here, at tho very base of the sys- 
tem, where no dwaris were to be found, he had discovered one of the 
most colossal of its giants. 
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After this most important discoTery, Mr. Millet culnideil his in- 
quiries eoaterly for Beveral miles along the bate and unwooded Loko 
of Stenois, about fourteen miles in cLrcamlcrenee. and divided into 
an upper and lower aheet of water by two long promontories jutting 
out from each side and neaclf meeting in the middle. TheHraenten 
this lake through the openings of a long rustic bridge, and hence the 
lower division of the lake "ia salt in its nether teaches, and brack- 
ish in its upper ones ; while the higher division is merel; brackish 
iu its ntither teaches, und &cah enough in its upper ones to be pota- 
ble." The faiuiB and flora of the lake are thPrefore of a miied chat- 
acter, the marine and ttesh -0.-8161 nnjjnals having Each theit own 
reaches, though each kind makes certain encroacbnienta on the prov- 
ince of the other. 

Jo Che marine and lacustrine Aoros of the lake, Mr. Miller observed 
changes still more palpable. At the entrance of the sea, the Fucut 
nodotvi and Fucta veticuioiai flourish in their proper form and m^- 
nitude. A little forther on in the lake, the F. nodosua disappears, 
and the F. veeiculosus, though continuing to exist for mile after 
mile, grows dwarfish and stunted, and flnolly disappears, giving 
jilace to msbes and other aquatic grasses, till the lacustrine has en- 
tirely displaced the marine flora. From these two important facts, 
the existence of the fragment of Ailerolepit in the lower flagstones 
of the Orkneys, and of the "curiously mixed semi-marine semi- 
lacustrine vegetation in the Loch of Stennls," which our author 
regards as bearing directly on the development hypothesis, he takes 
occasion to submit that hypothesis to a severe examination, and to 
point out its conscqueDCea — its incompatibUlIy with the great truths 
of morality and revealed religion. According to Professor Oken, 
one of the ablest supporters of the development theory, " There are 
two kinds oE generation in the world, the creation proper, and the 
propagation that is sequent thereon, or the original ond iseondarn 
gcTteration. Con-sequentiy, no organism has been created of larger 
ax,f than an infusnrinl point. No organism is, or over has been 
cteated, which is not microsoopie. Whatever is large has not been 
created, but developed. Man has not been created, but developed." 
Hence it follows that during the great geologieal period, when race 
after ibc« was destroyed, and new forms of liie called into being, 
"Datuie had been pregnant with the bumon race," and that imroor- 
Csl and intellectual Man is but the development of the Brule ~ 
ttoelf the development of some Tuonad or mollusc, which has been 
■mitten into lije by the action of electricity upon a portion of gelat- 



If the development theory bo true, " the eorly fossils ought to ba 
verj- small in aii;," and " very low in orgamzation." In the earliest 
La we onght to find only " mere etniri/ot and /ictuses / and if we 
find instead the fuU-groicn and wmlure, thea must tre hold that the 
tesllniany of geology is not only not in aecordoHca with the theory, 
jut in positive opposition -to it-" Having laid this down as the 
irineipk by which the question is to be decided, our author proceed* 
to consider " what aieHtB facta." Tha AalxnlepU ai Stronmesa sssnn 
to be the oldest oigBnidm yet discovorcd in the most ancient geologi- 
cal system of Scotland, in which vertebrate remains occur. It is 
probably the oldest Ctetacanth that the world has yet produced, ibr 
there is no certain trace of this family in the great Silurian system, 
which lies underneath, and on which, according to our eiiating 
knowledge, organic existence first began. " How, then," asks Mr. 
Miller, " on the two relevant points — bulk and organization — does 
it answer to the demands of the development hypothesis f Was it a 
mere fistus of the finny tribe, of minute size and imperfect embry- 
onic faculty ? Or v/aa it of, at least, the ordinary bulk, and, for its 
class, of the average organization i " 

In order to answer these questions, Mr, Miller proceeds in his third 
fihapter to give the recent history of the Astcrolepis ; in his fourth, 
to ascertain the cerebral deyelopment of the earlier vertahrata ; and 
in hia Jiflh chapter to describe the structure, bulk, and aspect of tha 
Astcrolepis. In the rocks of Russia certain foseil remains hod been 
long ago discovered, of such a singular nature as to have perplexed 
Lamarck and other naturalists. Their true place among fishes was 
subsequently ascertained by M. Eichwald, a living naturalist ; and 
Sir Roderick Muiohiaon found that they were Ichthyolites of the 
OldRad Sandstone. Agasaiz gave them the name of Chehnicluhyi ; 
but in consequence of very fine specimens having been found in the 
Old Red Sandstone of Russia, which Professor Asmns of Dorpat 
sent to the British Museum, and which exhibited star-like macUiigB, 
he abandoned his name of ClKloniclUhya, and adopted that of Atter- 
olepa, or star-scale, which Eichwald bad proposed. Many points, 
however, respecting this curious fossil remained to ho determined, 
and it was tbrtunate for science that Mr. Miller was enabled to Bo- 
compliah this object by means of a variety of excellent spoeimEna 
which he received from Mr. Robert Dick, " an intelligent tradesman, 
of Thurso, one of those working men of Scotland, of oetive curiosity 
uid well developed intellect, that give character and standing to the 
rest." Agasaij bad inferred, from very imperfect &agmcnta, that 
the Astarolfpis was a atcongly- helmed fish of the Calacanths, or hollow 



MjHne &imily — ttiat it waa probobl; a flat- headed animal, uid tlist 
the discovery of a head at of a jaw might piOTC tliat the genui 
Uendrodus did not differ £i:oia it. All these coiijectiuea were com- 
pletely conHrmed by Mr. Miller, after » careful eiamination of tlie 
Bpecimena of Mr. Dick. 

Before proceediiig to desorilw the atractnre of the gigantic Aslor- 
olepie, Mr. Miller devotes a long anil elaborate uhapUiF to the subject 
of the cerebral develapment of the earlier verCebrata, in order to 
ascertain tn what manner their true brains wore lodged, and to dis- 
oover the modification which the cranium, as their protecting box, 
received in BUbsequeut peiiods. Thin inquiry, which he has con- 
ducted with great slull and ability, is not only highly intcrcstin); IQ 
itsoli; but will be found to have a ditect boating on the groat ques- 
tion which it is his object to discuss and decide. 

The facts and reasonings contuned in this chapter will, w8 doubt 
not, shake to its very base the bold theory of PiolcssaF Oken, which 
has been so generally received nbroad, and which ij beginning to 
find Bupportcis even among the aolid thinkers of our own country. 
In the Isia of ISIS. ProfedsOF Lorens Oken has given the following 
account of Che hypothesis Ui which we aUuds. '■ In August, ISOli," 
sayfl he, " I made a journey over the Harts. I slid down through 
the wood on the south side, and stiaight before me, at my very feet, 
lay a most beautiful bl&nched skull of a hind. I picked it up, turned 
it round, regarded it intensely ; — the thing was done. > It is a ver- 
tebral column,' struck me like a ftood of lightning, ■ to the marrow 
and bone j ' and lincc that time the skuU has been regarded as a 
vertebral column." 

This remarkable hypothesis was at first received with enthusiasm 
by the naturalists of Germany, and, among others, by AgasHZ, who, 
&om grounds not of a geological kind, has more recently rejected it. 
It has been adopted by our distinguished countryman. Professor 
Owen, end torms the central idea in his lately published and inge- 
nious work " On the Nature of Limbs." The conclusion at which he 
arrives, that the fore-Limbs of the vertebrata are the ribs of the oc- 
cipital bone or vertebra set free, and (in all the vertebrata higher in 
the scale than the ordinary fishes) carried down along (he vertebral 
column by a sort of natural dislocation, is a deduction from the idea 
that startled Prnfessor Oken in the forest of the Hartz. Whatever 
■uppait this hyi.otlieais might hpTO expected from Geology, has been 
struck from bcneuth it by th^ remarkable chapter of Mr. Miller's 
vmli and though anatomists may for a wlule maintain it under the 
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influence of bo higt nn aothority as Profpasot Onen, wb are much 
mistaken if it ever forms a piirt of the creed of the geologist. Mr. 
Miller indeed has, liy a. most skilful enamination of the heftda of the 
earliest vertebrata known to geologista, proved that the hypotheaia 
derivea no support from the slruoture which they exhibit, and 
Agaasii ho3 even upon general principles rejected it as untenahle. 

Mr. Miller's next chapter on the atructure, bulk, aaid aapeet of the 
Astecolepia, is, like that which precedes it, the work of a master, 
evincing the highest powers of observation and onalyBie. Its siee in 
the larger specimens must have been very great; and from a cam- 
pariaon of the propDrtion of the head in the Ganoids to the length 
of the body, which is sometimes as one to five, or one to six, or one 
to six and a half, or even one to seven, our author concludes that the 
total length of the specimens in his poaacaaion must have been at 
least eight feat three inchea, or from nine feet nine to nine feet ten 
inchea. The remains of an Asterolepis found by Mr, Dick at Thniso, 
indicate a length of from twelve feet five to thirteen feet eight inchea ; 
and one of the Bussism specimens of Professor Asmus must have 
been &om eighUot to twenty-three feet long. "Hence," says Mr. 
Miller, "in the not unimportant cireumatance of a\%e —the most 
ancient Ccelacantha yet known, instead of taking their places agree- 
bly to the demands of the develop ment hypothesis among the sprats, 
sticklebacks, and minnows of their class, took their place among its 
huge basking sharks, gigantic sturgeons, and bnlky swordSshes. 
They were giants, not dwarfs." Again, judging by the analogies 
which its structure exhibits to that of fishes of the existing period, 
the Asterolqiis must have been a lish high in the scale of organi- 
zation. 

A specimen of Asterolcpia, discovered by Mr. Dick, among the 
Thurso rocks, and sent to Mr. Miller, exhibited the singular phe- 
nomenon of a quantity of thick tar lying beneath it, which stuck to 
the fingers when lifting the pieces of rock. " What had been once 
the nerves, musclca, and blood of this ancient Ganoid, $till lay under 
its bones," a phenomenon which onr author had previously seen be- 
neath the body of a poor suicide, whose grave in a sandy bank had 
bean laid open by the encroachments of a river, the sand beneath it 
having been " consnlidated into a dark colored pitchy mass," extend- 
ing a full yard beneath the body. In like manner, the aninn al juices 
of the Aatorolepia had preserved its remains, by " the pervading bit- 
umen, greatly more coni^ervative in its efiecta than the oil and gum 
of an old Egyptian undertaker." The bonca, though black as pitch. 



ratainodlo a toiiBiderable degree the peculiar qualities of the original 
BubfttancP, in the same manner aa the adipoolro of wet burying- 
grounds prtacrres fresh and green the bones which it cnclosoB. 

Is support of hiA anti-dovelopnient tIcwb, Mr. Miller devotes hla 
next and aixlh chapter to tha recent hiitory, order, and size of the 
fishes of the Upper and Lower Silurian rocka. Of thoae ancient 
formations, the bone bed of the Upper Ludlow rocki is the only one 
which, besidea defcnslTe spines of fish, eontaina tocth, fragments of 
jawn, and shagreen points, whereas, in the infeiior deposits, defensive 
spinas alone are found. The species discovered by Professor Phillips, 
in Che Wenlock shale, were microscopic; and the author of the I'u- 
li^ took advantage of this insulated fact to support hia views, by 
pronouncing the little creatures to which the species belonged as 
the foetal embryos of their class. Mr. Miller hns, however, even on 
this ground, defeated his opponent. By comparing the defensive 
spines of the OncAuM MurtJiiaoni at the Upper Ludlow bed with 
those of a recent ^inax Aainlhiiu, or dog-Gsh, and of the Ceilracum 
PhiUippi, or Port Jacttson shark, he arrives at the conclueion, that 
the fishes to which the species helongod must be all of considerable 
■ize) and in Che following chapCnron lAehigli ilandingo/ lAc Flamidi, 
ho shews that the same early fishes were high in intelligence and 
organization. 

In his ninth chapter on the BUtory and Progms of DBgradaiina, 
our author titers upon a new and interesting subject. The object 
of it is to detonnine the proper ground on which the standing of the 
earlier vertebrata should be decided, namely, the test of what he 
terms homological symmetry of organization. In nature there ace 
monster families, just as there ore in iamilies monster individuals — 
men without feet, hands, or eye-s, or with tbcm tn a wrong place — 
Bheep with legs growing from their necks, ducltlinga with wings on 
their haunches, and dogs and cats with more legs than they requiie- 
We have thus, according to our author — Xftnonttroiity through defeU 
of parti ; 2, mnnstroiity through Tsdumdancg of parts ; and 3, monstros- 
ity through displacement of parts. This last species, united in some 
cases with the other two, our author Snds curiously exemplified in 
the geological history of the fish, which he considers better known 
than that of any other division of the vertebrate ; and he is con- 
vinced that it is from a survey of tho progresii of degradation in the 
great Ichthyic division that the standing of the kingly fishes of tha 
earlier periods is to bp determined. 

In the BTlieat verlsbrate period, namely, the Silurian, our author 
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■hcAfa that the Rshea were hDmolag[caUy Bymmetrical in thoir organ- 
9 inhibited in the Flacoida. In the second great Ichthyic 
period, that of the Old Red Sandstone, he finds the iit»t example ia 
the class of fiihcs oi nutitstrosU^, by displacei/ieHi of parti- 1q oil the 
OanoidB of the period, there ia the same departure from symmetry 
ax would take place in jnon if Ma neck was annihilated, and the 
arma stuck to the back of the head. In the Cawosteia and Pler- 
iehthya of the same period, he Qnds the first example of degnutatioit 
thrtntgh defect, the iiumur resembling a human monster without hands, 
and the latter one without feet. After ages and centuries have 
passed away, and then after the termination of the PaliBQioic period, 
B change takes place in the formation of the flah tail. " Other ages 
and centuries pass away, during which the reptile class attaius to its 
fullest development in point of size, organi/^ation, and number ; and 
theD,after the times of the cretaceous deposits have begun, we find 
yet another remarkable monstrosity of displacement introduced 
among all the fishos of One very numerous order, and among no in- 
considerable proportion of the fishes of another. In the newly- 
introduced Ctenoids [^AcanihopUryyii,) and in those families of the 
Cycloids which Cuvier erected into the order Malacopten/ffii aiib- 
bnuhiati, the hinder limbs are brought forward and stack on to the 
base of the previously misplaced fore limbs. All the four limbs, by 
a ptiange monstrosity of displacement, are crowded into the place 
of the extinguished neck. And such, in the present day, is the 
prevalent type among fishes. Monstrosity through defect is also 
found to increase ; so that the snake-Uke aparla, or feet- wanting 
fishes, form a numerous order, some of whose genera ore devoid, aa 
in the common eels and the congers, of only the hinder limbs, while 
in others, as in the genera Mur^aa on-d Syjtbraitchta, both hinder and 
fbre-limhs are wanting." From these and other facta, our author 
concludes that as in existing fishes we find many more pcoofe at the 
monstrosity, both from displacement and defect of parts, than in all 
the other three clasacs of the vertebrata, and as these monstrosities 
did not appear early, but late, " the progress of the race as a whole, 
though it still retains not a few of the higher forms, has been a 
progress not of development from the low to the high, but of degra- 
dation from the high to the low," An extreme csample of the 
degradation of distortion, superaddei to that of displacement, may 
be seen in the flounder, plaice, halibut, or turbot, — fishes of a family 
of which there is no trace in the earlier periods. The creature ia 
twisted half round and laid on its side. The tail, too, is horizontal. 
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Half t)ie featnree of ite head are twisted to one aide, and tho othei 
half to the other, while its 1TT7 mouth is in keeping with its Bqiunt 
tsyes. One jaw ia sUaight, and the other like a bow ; and while one 
9 itoia /our to tix teeth, the other contikmB firom (Airfy to 
thirty-Jlve. 

Aided by facts like these, nn ingonioua theoriat might, as our au- 
thoc remarks, "get up aa uneieeptionable a theory of degradation 
as of development" But however this may be, Che prineiple of 
degradatioa actaally exists, and *■ the history of its progress in crea- 
tion bears directly against the assumptian thnt the earlier vcrtebrata 
a lower type than the yertcbrata of the same Ichthyio claaa 
which exist now." 

Is hia next and ieMh chapter, , our author eontroverU with his 
usual power the argument in foror of the development hypotbesis, 
drawn from the predominance of the Brachiopods among the Silurian 
Molluscs, The existence of the highly organized Cephalopods, in 
lation, not only neutialiies thia argument, but author- 
izes the oonclusion that ou animnl of a very h^h order of orgsniaa- 
tinn existed in the earliest formation. It is of no conseiiuence 
nhether the Cephatopoila, or the Brachiopods were moat uumeroua. 
Had there been only one cuttle fiah in the SUurian seas, and a mil- 
lion of Brachiopods, tho fact would equally have overturned the de- 
velopment system. 

In the same chapter, Mr. Miller treats of the geological history of 
the Fossil flora, which has been pressed into the service of the de- 
velopment hypothesis. On the authority of AdolpbeBrongniart, it 
was maintained that, previous to the age of the Uas, " Nature bod 
failed to achieve a tico — and tbat the ricb vegetatian of the Coal 
Measure* hod been eiccluaively composed of magnificent immaturities 
of the vegetable kingdom, of gigantic ferns and club moaaea, that 
attained to the size of forest trees, and of thicketa of the swamp- 
loving horse-tail family of plants." True exogenous trees, however, 
do exist of vast size, and in great numbers, in all the coal-fields of 
our own country, aa has been proved by Mr. Miller. Nay, be bim- 
self discovered in the Old Hei Sandstone, Lig/n'tti wMcb is proved 
to have formed port of a true gyninospermous tree, represented by 
the pines of Europe and America, or more probably, as Mr. Miller 
behaves, by the Araucarions of Chili and New Zealand. 'This im- 
portant discovery is pregnant with iuatruction. The ancient Conifer 
must have waved its gtceu foliage over dry land, and it is not prob- 
■UBthat it wBfl the only tree in. the primeval forest. "The ship 



carpenter," as onr author obaorvea, " might have hopefully talus 
axe in hand to explore the woods for Some Such stately pine aa the 
one deeoribod by Milton, — 
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Yiewing thia oliee lea/ of the Old Red Sirndstono as not at all devoid 
of poetry, onr author invites na to n voyage &oni the latest formrt- 
tion up to the first zone of the Silurian formation, — thus passing 
from ancient to atiU more ancient scenes of being, and finding, aa at 
■ TOvage, a graceful interrxiixtuie of land 
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But though the existence of a tiue Flacuid, a real vertebratcd fish, 
in the Cambrian limestone of Bala, and of true wood at the base of 
the Old Hed Sandstone, are utterly incompatible with the develop- 
ment hypothesis, its supporters, thus driven to tho wall, may take 
shelter under the vague and unquestioned truth that the lower 
plants .and animals preceded the higher, and that the order of crea- 
tion was fish, reptiles, birds, mammalia, quadrumana, and man. 
From this lesautce, too, our author has cut oH' his opponents, and 
proceeds to show that such an ordd of cieulion, " at once wonderful 
and beantiful." does not afibrd even the slightest presumption in 
favor of the hypothesis which it is adduced to support. 

This argument is carried on in a popular and amusing dialogue in 
the elcBeiUh chapter. Mr. MUlec shows, in the clearest manner, that 
"superposition is not parental relation," or that an organism lying 
above another gives us no ground for believing that the lower or- 
ganism was the parent of the higher. The theorist, however, looXs 
only at those phases of truth which are in unison with his own 
views ; and, when truth presents no aueh favorable aspect, he finally 
wraps himself up in the folds of ignorance and ambiguity — the 
winding-sheet of error refuted and exposed. W'e have not yet pen- 
etrated, says he, in feeble accents, to the formations which represent 
the dawn of being, and the simplest organism may yet be detected 
beneath the lowest fossiliferous racks. This undoubtedly may be, 
and Sir Charles Lyell and Mr. Leonard Homer are of opiiuon that 
»uch rooks may yet be discovered ; while Sir Roderick Murohison 
and Profeasoc Sedgwick and Mr. Miller are of an opposite opinion 
But even were such rocks discovered to-roorrow, it would not follow 
thil their organisms gave the least support to the development hy- 
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pothesis. In the yest I8J7, when fiahes were not discoTored in the 
Upper Silurian rocks, the theoriat ■would have rightly predicted thu 
existence of lower foasiliferoua beds; but when they are discovered, 
and their fossils examined, they furnish the strongfiBl arKumcnt that 
could be desired sftainst the theory they were eipectod to Bustoiin. 
This fact, no doubt, is so far in favor of the suppnsirion that there 
may be still lower fossil-bearing strata ; but, as Mr. Miller observes, 
"The pyramid of organized existence, as it ascends into the by-pdit 
elemity, inclinea sensibly towards its apex, — that apex of 'beyii' 
niMi/' on which, on Tar other than geological grounds, it is our 
privilege to believe. The brood, bsae of the snperstruoture planted 
on the eitistiQg scene stretches across the entire scale of life, animal 
and vegetable ; hut it contracts as it rises into the pant ; — man, — 
the quBJrumana,~-the quadrupedal man, — the bird and the rep- 
tile are each in suceeasion struck from off ita breadth, till we at 
length see it with the vertebrate, represented by only tho fish, nar- 
rowing as it were to a point ; and though the clouds of the upper 
region may hide its apex, we infitr, from the declination of its sides, 
that it cannot penetrate much farther into the profound." 

In our author's next chapter, the tv^el/th of the scries, be proceeds 
to examine the " Lamarckian hypothesis of the origin of plants, and 
its consequences." 

In hia thirteenth chapter, on "The two Floras, marine and terroa- 
trial," he has shown that all our experience is opposed to the opin- 
ion, that the one has been transmuted into the other. If the marine 
had been converted into terrestrial vegetation, wc ought to have, in 
the Lake of Stennia, for example, plants of an intermediate chnroc- 
ter between the algce of the sea, and the monocotyledons of the 
lake. Bnt no such tian-iition-plajits are found. The algte, as our 
author observes, become dwarfish and ill-developed. They cease to 
exist as the water becomes fresher, <■ until at length we find, instead 
of the brown, rootless, flowerlcsa fucoids and confarvie of the oeeau, 
the green, rooted, dowering flags, rushes, and aquatic grasses of the 
fresh water. Many thousands of years have failed to originate a 
single intermediate plant." The same conclusion may be drawn 
from the character of the vegetation along the extensive shores of 
Dritain and Ireland. No botanist has ever found a single plant in 
the transition state. 

Tbe/ourltnieh chapter of the " Footpiinta " will be perused with 

great interest by the general reader. It is s powerful and argumcn- 

Lvo erposuro of the development hyjiotheaiB, and of the manner 
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in which the subject lias been treated in the "Vestiges." Whether 
we consider it in its nuture, in its history, or in the character of the 
intellects with whom it ori^ated, or by whom it has been receiTed 
and Bupported, Mr. Miller has shown that it has nothing to recom- 
mend it. It existed as a wild dream before Geolog; had any being 
H9 a science. It -n-oa broached more than a century ago by De 
Maillct, who ^ew nothing of the geology even of hia day. lu a 
tranfllation of his TeUiamed, puhliahedin 1760, Mr, Miller finds Tcry 
nearly the same account given of the origin of plants and animals, 
as that in the " Vestiges," and in which the sea is described as that 
■' great and fruitful womb of nature, in which orgamzation and life 
first begin." Lamarck, though a skilful botanist and conchologist, 
was unacquainted with geology ; and as he first published his devel- 
opment hypothesis in 1B02, (an hypothesis identical with that of the 
" Vestigea,"} it is probable that he was not then a very skilfiil zoolo- 
gist. 14 or has FrofessoF Oken any bigbEr claims to geological acquire- 
menta. He confesses tbnt be wrote the first edition of his work in 
a /ciiid of inapiraiion ! and it is not difficult to estimate the intelli- 
gence of the inspiring idol that announced to the German sage that 
the globe w£s a raat cryatal, a little flawed in the facets, and that 
quartz, feldspar, and mica, the three constituents of granite, were 
the hail-diops of heavy showers of stone that fell into the original 
ocean, and accumulated into rocks at the bottom \ 

Such is the unscientific parentage of the theories promulgated in 
the " Vestiges." But the author of this work appeals in the first 
inatanoe to science. Astronomy, Geology, Botany, and Zoology are 
called upon to give evidence in his favor ; but the astronomer, geol- 
ogist, botanist, and the zoologist, all refuse him their testimony, deny 
his premises, and reject bis results. •' It is not," as Air, Miller hap- 
pily observes, ■■ the iUiberal religionist thftt casts him olT. It is the 
inductive philosopher." Science gddreseBa him in the language of 
the posaeasod ; " Tbe astronomer I know, and tbe geologist 1 know ; 
but wbo are ya!" Thus left alone in a cloud of star-dust, or in 
bcackish water between the marine and terrestrial flora, be " appeals 
fi-ara science to tbe want of it," casts a stone at our Scientific Insti- 
tutiona, and demands a jury of " ordinary readers," as tbe only 
" tribunal "by which " the new philosophy is to be truly and righte- 
ously judged." 

The last aaiffieenlk chapter of Mr. Miller's work, " On the Bear- 
ing of Final Causes on Geologic History," if read with care and 
;e delightful and instructive. The principle 
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at filial rotuM, or the condiciona of euatencc, affords a wido ftcope to 
OUT reason in Naturul History, but capeuiallf in Qcologj'. It be- 
comes an intoreating inquiry, if any reason can be assigned why at 
certain periods epecLes began to exist, and became extinut after the 
lapse of lengthened periods of time, and whf the higher i:Iitsses of 
being succeeded the loner in the order of crostion } Tbe incom- 
pleteness of geological science, however, does not permit us to re- 
mOTE, for the present, tbo veil which hanga oyer this mystcrioni 
chronology ; but our author is of opiniou that in about a qusxter of 
a century, in a fiivored locality like the British Islands, geologi- 
cal history " will aasume a very extraordinary form." 

It is a singular fact, -which will yet lead to singular results, that 
Cuyier's axrangoment of the four classes of vertebrate animals should 
eshibit the same order as that in which they are found in the strata 
of the earth. In the^A, the average proportion of the briun to the 
spinal cord is only as 2 to 1. lu the reptile, the ratio is 2} to 1. In 
the bird, it is OS 3 to I. In the mammalia, tt is as 4 to 1 ; and in man, 
it is as 23 to 1. No less remarkable is the fcctal progress of the 
human brain. It Erst becomes a brain reserablijig that of B fish ; 

then it grow* into the form of that of a reptile i then into thai of « 
bird; then into that of a mammiferou^ quadruped, and finally it 
assumes the form of a human brain, " thus gomprising in its (tetsl 
progress an epitome of geological history, as If man were in himself 
a compendium of all onimated nature, and of kin to every cteature 
that lives." 

With these considerations, Mr. Miller has brought his subject to 
the point at which Science in its onward progress now stands. It is 
to embryology we are in future to look for further information upon 
the most intimate relations which exist between all organized beings. 
We may fairly entertain the hope thai the time is not far when we 
shall not only fully understand thf Plan of Creation, but oven lift 
some comer of the veil which has hitherto prevented us from form- 
ing adequate ideas of the first introduction of animal and vegetable 
life upon earth, oud of the changes which both kingdoms have un- 
dergone in the Bucceasion of gc-ological a^es. 

L. AOASSIZ 

CimuDni, SeftcmiiiT, IBSD. 
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STROMNESS AND ITS ASTEROLEPIS. 



THE LAKE OF STENNIS. 




two years ago, ii 



i 



8 HEN engaged in prosecuting die aelf 
imposed task of examining in detail 
the vorious fossiliferDus dcpoaila of 
Scotland, in the liope of ultimately 
acquainting myself with them all, I ex- 
tended my esploratory ramble, about 
o the Mainland of Orkney, and resided for 
aorae lime in the vicinity of Stromness. 

This busy seaport town forms that special centre, in thia 
northern archipelago, from which the structure of the en- 
tire group can be moat advantageously studied. The geol- 
ogy of the Orkneys, like that of Caithness, owes its chief 
interest to the immense development which it exhibits of 
one formation, — the Lower Old Red Sandstone, — and to the 
eatraordinary abundance of its vertebrate remains. It is 
not loo much to affirm, that in the comparalivcly small 
portion which this cluster of islands contains of the third 
part of a system regarded only a few years ago as the least 
fossiliferous in the geologic scale, there are more fossil iish 
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enclosefl than in euert/ other geologic system in Ei gland, 
Sc-olland, and Wales, from ihe Coal Measures to the Chalk. 
i^nclusive. Orkney is emphatically, to llie geologist, what a 
juvenile Shetland poetess designates her country, in cha- 
lenging for it a standing independent of Ihe " Land of Cakes," 
— a " Land of Fish ; " and, were the trade once fairly opaoed 
up, could supply with ichthyolites, by the ton and the ship- 
load, the museums of the world. Its various deposits, witli 
all their strange organisms, have been uptdted from the bot- 
tom against a granitic axis, rather more than sis miles m 
length by about a mile in breadth, which forms the great 
back-boae of the western district of Pomona ; and on this 
granitic axis — fast jammed in between a steep hill and the 
sea — stands the town of Stromness. Situated ihua at tlte 
bottom of the upturned deposits of the island, it occupies ex- 
actly such a point of obsorvcLlion as that which the curious 
eastern traveller would select, in front of some huge pyra> 
mid or hieroglyphic-covered obelisk, as a proper site for his 
tent. It presents, besides, not a few facilities for studying, 
with the geological phenomena, various interesting points in 
physical science of a cognate character. Resting on its 
granitic base, in front of the strangely sculptured pyramid of 
three broad tiers^ — red, black, and gray, — which the Old 
Red Sandstone of these islands may be regarded as forming, 
it is but a short half mile from the Great Conglomerate base 
of the formation, and scarcely a quarter of a mile more from 
the older beds of its central flagstone deposit; while an hour's 
sail on the one hand opens to (he explorer the overlying are- 
naceous deposit of Hoy, and an hour's walk on the other 
introduces him to the Loch of Siennis, with its curiously 
mixed flora and fauna. But of the Loch of Stennis and \\» 
productions more anon. 
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The; day waa far spent when I reachetl Stromness ; but as 
T had a fine bright evening still before me, longer by some 
three or four degrees of north latitude than ihe midsunimer 
eTeninga of the south of Scotland, I set out, hammer in 
hand, to examine the junction of the granite and the Great 
Conglomerate, where it has been laid bare by the sea along 
the low promontory which forma the western boundary of 
the harbor. The granite here is a ternary of ihe usual com- 
porents, somewhat intermediate in grain and color between 
the granites of Peterhead and Aberdeen ; and the conglom- 
erate consists of materials almost exclusively derived from it, 
— evidence enough of itself, that when this ancient mechan- 
ical deposit was in course of forming, the granite — exactly 
such a. compound then as it is now — was one of the surface 
rocks of the locality, and much exposed to disintegrating influ- 
ences. This conglomerate baae of the Lower Old Red Sand- 
stone of Scotland — which presents, over an area of many 
thousand square miles, such an identity of character, that 
specimens taken froni the neighborhood of Lerwick, in Shet- 
land, or of Gamrie, in Banff, can scarce bo distinguished 
from specimens detached from the hills which rise over (he 
Great Caledonian Valley, or from the clitTs immediately in 
front of the village of Contin — seems to have been formed 
in a vast oceanic baain of primary rock, — a PaliEozoic Hud- 
son's or Baffin's Bay, — partially surrounded, mayhap, by 
primary continents, swept by numerous streams, rapid and 
headlong, and charged with the broken debris of the inhospi- 
table regions which they drained. The graplolile-bearing 
grauwacke of Banfishire seems to liave been the only fossil 
iferous rock that occurred througliout the entire extent of 
this ancient northern basin ; and its few organisms now 
serve to open the sole vista through which the geological c 
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plorer to the north of the Grampians can calch a glimpse of 
an earlier period of existence than that represented by the 
ichthyolitea of the Lower Old Eed Sandstone. 

Very many ages must have passed ere, amid waves 
ind currenla, the water-worn debris which now forms the 
Great Congioinerate could have accumulated over tracts 
sea-bottom from ten to fifteen thousand square miles in 
ia, to its present depth of from one to four hundred feet. 
At length, however, a thorough change took place ; but 
can only doubtfully speculate regarding its nature or 
se. The bottom of the Palteozoic basin became greatly 
I exposed. Some protecting circle of coast had been 
)wn up around it ; or, what is perhaps more proba- 
, it had sunk to a profoundcr depth, and the ancient 
shores and streams had receded, through the depression, to 
much greater distances. And, in consequence, the deposL- 
of rough sand and rolled pebbles was followed by a 
deposition of mud. Myriads of fish, of forma the most 
ancient and obsolete, congregated on its banka or shel- 
tered in its hollows ; generation succeeded generation, mil- 



mysteriously by sudden 
i annihilated ; but the pro- 
strong, and the waste was 
shall reckon the years or 
:e3 existed, and this muddy 
ut to unknown and nameless 
se great cities of the desert 
ve con but conjecture their 
term nf existence from the vast extent of their cemeteries. 
We only know that the dark, finely-grained schists in which 
they 30 abundantly occur must have been of comparatively 
alow formation, and that yet the thicknesa of the deposit 



lions and tens of milhona 
death ; shoals after shoals wei 
ductive powers of nature were 
kept up. But who among mei 
centuries during which these ra 
ocean of the remote past spread i 
shores around them ? As in ihi 
that lie uninhabited and waste, 
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more thfto equala [he height of our loftiest Scoltisli moun- 
tains. It would seem as if b. period equal to thai in which 

all human history Is comprised might be cut out of a corner 
of Ihe period represented by the Lower Old Red Sandstone, 
and be scarce missed when nway ; for every year during 
which man has lived upon earth, it is not improbable Ibat the 
Vleriehlhys and its contemporaries may have hved a cen- 
. tury. Their last hour, however, at length came. Over the 
dark-colored ichthyolitic schists so immensely developed tn 
Caithness and Orkney, there occurs a pale-tinled, uofossilif- 
erous sandstone, whicb in the Island of Hoy rises into hills of 
from fourteen to sixteen hundred feet in height ; and among 
the organisms of those newer formations of the Old Ret) 
which overlie this deposit, not a species of ichthyolitc iden- 
tical with the species entombed in the lower schists has yet 
been detected. In the blank interval whicli the arenaoeoiB 
depoah represents, tribes and families perished and disap- 
peared, leaving none of their race to succeed them, that other 
tribes and iamiiies might be called into being, and fall into 
their vacant places in the onward march of creation. 

Such, GO far as the various hieroglyphics of the pile have yet 
rendered their meanings to the geologist, is the strange story 
recorded on the three-barred pyramid of Siromness. I traced 
the formation upwards this evening along the edges of the 
upturned strata, from where the Great Conglomerate leans 
against the granite, till where it merges into the ichthyolitic 
flagstones ; and then pursued these from older and lower to 
newer and liigher layers, desirous of ascertaining at what 
distance over the base of the system its more ancient organ- 
isms first appear, and what their character and kind. And, 
embedded in a grayish -colored layer of hard flag, somewhat 
less than a hundred yards over the granite, and about a 
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hundred and abtty feet over the upper stratum of ihe con- 
glomerate,! found whatl sought, — a well-marked bone, — in 
all probabilily the oldest vertebrate remain yet discovered in. 
Orkney. What, asks tlie reader, was the character of thb 
ancient organism of the Palteozoic basm ? 

As shown by its cancellated texture, palpable to the naked 
eye, and still more unequivocally by the irregular complexity 
of fabric which it exhibits under the microscope, — by its 
speck-like life-points or canaliculi, that remind one of air- 
bubbles in ice, — its branching channels, like minute veins, 
through which the blood must once have flown, — and its 
general groundwork of irregular lines of corpuscular fibre, 
that wind through the whole like currents in a river studded 
with islands, — it was as truly osseous in its composition 
as the solid bones of any of the reptiles of the Secondary, or 
the quadrupeds of the Tertiary periods. And in form it 
closely resembled a large roofing-nail. With this bone our 
more practised paleontologists are but little acquainted, for 
no remains of the animal to which it belonged have yet been 
discovered in Britain to the south of the Grampians,* nor, ex- 
cept in the Old Red Sandstone of Rusma, has it been detectea 



■ Since the above eenteace was written and set in type, I have 
leerncd that my ingonioua friend, Mr. Charles Peach of the Cus- 
toms, Fowey, so well known for his palseontological discoveries, 
has just found in the Devonian system of Cornwall, &agments of 
what seem to be dennal plates of AslerokpU. It is a aomewbat 
euiious circumstance, that the two farthest removed extremi- 
ties of Great Britain — Cornwall and Caithness — should be tipped 
by fossiliferaus deposits of the same ancient systDm, and that 
organisms which, when they lived, were contemporary, should bo 
found embedded in the rocks which rise over the BritLih Channel 
on the one extremity, and overhang the Fentland Frith on tha 
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any where on the Continent. Nor am I aware ihul, save in 
the accompanying wood -cut, (fig. 1,) it has ever been figured. 
The amateur geulogists of Caithness and Orkney have, how- 
ever, learned lo recognize it as the " petrified nail." The 
length of the entire specimen in this inalance was five 
seven eighth inches, the transverse breadtli of the head two 
inches and a quarter, and the thickness of ihe stem nearly 
three tenth parts of an inch. This nail-like bone formed 
a charncleristic portion of Ihe Aslerokpis, — so far as is yet 
koowD, the most gigantic ganoid of rhe Old Red Sandstone, 
and, judging from the place of this fragment, apparently one 
of the first 

Fig. 1. 
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There were vt 
e " petrified m 
g foasils I had 



consideratioDs which led me to regard 
1 this case as one of the most interest- 
seen ; and, before quilling Orkeey, to 
farther to the south, 1 brought two in- 
1 place and 
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teiiigeot geologists of the district,* to mark i 
character, that ihcy might be able to point it out to geologi- 
cal visitors in the future, or, if they preferred removing it 
to their town museum, to iodicalo to them the slratum in 
which it had lain. It showed mo, among other things, how 
unsafe it is for the geologist to base positive conclusions 
on merely negative data. Founding on the fact that, of 
many hundred ichthyolites of the Lower Old Red Sand- 
stone which I had disinterred and examined, all were of com- 
paratively small size, while in tlie Upper Old Eed many of 
the ichthyolites are of great mass and bulk, 1 had inferred 
thai verlcbrate life had been restricted to mioiHer forms at 
the commencement than at the close of the system. It 
had begun, I had ventured to state in the earlier editions of a 
little work on the " Old Red Sandstone," with an age of 
dwarfs, and had ended with an age of giants. And now, 
here, at the very base of the system, unaccompanied by 
aught to establish the contemporary existence of its dwarfs, 
— which appear, however, in an overlying bed about a hun- 
dred feet higher up, — was there unequivocal proof of the ex- 
istence of one of the most colossal of its giants. But noi 
unfrequently, in the geologic field, has the practice of basing 
positive conclusions on merely negative grounds led to a mis- 
reading of the record. From evidence of a kind exactly 
similar to that on which I had built, it was inferred, some two 
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or three yeara ago, that there had lised no reptiles during the 
period of tlie Coal Measures, and no fiah in the times of the 
Lower Silurian System. 

I extended my researches, a few days after, in an easterly 
direction from the town of Stromness, and walked for several 
miles along the shores of the Loch of Stennis, — a large lake 
about fourteen miles in circumference, bare and treeless, like 
all the other lakes and lochs of Orkney, but picturesque of 
outline, and divided into an upper and lower sheet of water 
by two low, long promontories, that Jut out from opposite 
sides, and so nearly meet in tlio middle as to be connected by 
a thread-like line of road, half mound, half bridge. "The 
Loch of Stennis," says Mr. David Vedder, the sailor-poet of 
Orkney, " is a beautiful Mediterranean in miniature." It givea 
admission to the sea by a narrow strait, crossed, like that 
which separates the two promontories in the middle, by a 
long rustic bridge ; and, in consequence of this peculiarity, 
the lower division of the lake Is salt in its nether reaches 
and brackish in its upper ones, while the higher dlvisioa 
is merely brackish io its nether reaches, and fresh enough 
in its upper ones to be potable. Viewed from the east, 
in one of the long, clear, sunshiny evenings of the Orkney 
summer, it seems not unworthy the eulogium of Vedder. 
There are moory hills and a few rude cottages in front ; and 
in the background, some eiglit or ten miles away, the bold, 
steep mountain masses of Hoy ; while on the promontories 
of the lake, in the middle distance, conspicuous in the land- 
scape, from the relief furnished by the blue ground of the 
surrounding waters, stand the tall gray obelisks of Stennis, 
— one group on the northern promontory, the other on the 

MJIlth, — 

"Old Even bejond trndition's breath." 



The shores of both the upper and lower divisions of the 
lake were strewed, at the time I passed, by a Une of wrack, 
consisting, for the first few miles from where the lower loch 
opens to the sea, of only marine plants, then of marine plants 
mixed wilh those of fresh-watet growth, and then, in the 
Upper sheet of water, of lacustrine plants exclusively. And 
the fauna of the loch is, I was informed, of as mixed a chnr- 
ac!er as its flora, — the marine and fresh-water animals hav- 
■ ing each iheir own reaches, with certain debatable tracts 
between, in which each kind expatiates with more or less 
freedom, according to its specific nature and constitution, — 
some of the eea-Gsh advancing far on the fresh water, and 
others, among tlic proper denizens of the lake, encroaching 
far on the salt. The common fresh-water eel strikes out, I 
was told, farthest into the sea-water ; in which, indeed, revers- 
ing ths habits of the salmon, it \3 known in various places 
to deposit its spawn. It seeks, too, impatient of a low tem- 
perature, to escape from the cold of winter, by taking refuge 
in water brackish enough, in a climate such as ours, to resist 
the influence of frost. Of the marine fish, on the other hand, 
I found that the flounder got greatly higher than any of 
the others, inhabiting reaches of the lake almost entirely 
fresh. I have had an opportunity elsewhere of observing a 
curious change which fresh water induces in this fish. In the 
brackish water of an estuary, the animal becomes, without 
diminishing in genera! size, thicker and more fleshy than when 
in its legitimate habitat, the sea : but tJic flesh loses in quality 
what it gains in quantity ; — it grows flabby and insipid, and 
the margin-fin lacks always its strip of transparent fat. But 
the change induced in the two floras of the lake — marine and 
lacustrine — is considerably more palpable and obvious than 
that induced in its two faunas. As I passed along the struit, 
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through which it gives 'admission lo the sea, I found the 
commoner fucoids of our sea-eoaBta streaniing in great luxu- 
riance in the tideway, from Ihe slones and rocks of ihe bot- 
tom. I marked, among the others, the two species of kelp- 
weed, 30 well known lo our Scotch kelp-burners, — Foots 
nodosas anA Fucua vesiculosus, — flourishing in their uncur- 
failed proportions ; and the not inelegant Halidrys siHquosa, 
or " tree in the sea," presenting its amplest spread of pod and 
froDd. A little farther in, Halidrys and Fueus nodosu* dis< 
appear, and Fucus vesiculosua becomes greatly stunted, and 
no longer exhibits its 'charncteriHtic double rows of bladders. 
But for mile after mile it continues to exist, blent with some 
of the hardier confervEB, until -at length it becomes aa dwarfish 
and nearly as slim of frond os the confervs themselves ; 
and it is only by tracing it through the intermediate forms 
that WG succeed in conviticing ourselves that, in the brown 
stunted luAa of from one to three inches in length, which 
continue lo i'ringe the middle reaches of the lake, wo have 
in reality the well-known Fueus before us, Rushes, flags, 
and aquatic grasses may now be seen standing in diminutive 
tufts out of the water ; and a terrestrial vcgeliition at least 
continues to exist, though it can scarce be said to thrive, on 
banks covered by tlie tide at full. The lacustrine flora 
increases, both in extent and lu.xuriance, as that of tlie sea 
diminishes ; and in the upper reaches we fail lo delect all 
trace of marine plants : the algre, so luxuriant of growth along 
the straits of this " miniature Mediterranean," altogether 
cease; and a semi-aquatic vegetation attains, in turn, to the 
Btate of fullest development any where permitted by the It 
perature of this northern locality. A memoir descriptive of 
the Loch of Stennis, and its productions, animal and vegetable, 
such aa old Gilbert White of Selborne could have produced. 



would be at once a very valuable and curioua document, im- 
portant (0 the naturalist, and not without Its use to the geolo^- 
cal student. 

I know not how it may be with others ; but the special 
iheilomena connected with Orkney that moat decidedly bore 
fruit in my mind, and to which my thoughts have most fre- 
quently reverted, were those exhibited in the neighborhood 
of Stromness. I would more particularly refer to the char- 
aclcrislic fragment of Aslerolepis, v/hich I delected in ils lower 
llagstoncs, aad to the curiously mixed, aemi-marine, aernU 
lacustrine vegetation of the Loch of Stennis. Both seem to 
bear very directly on that development hypothesis, — fast 
spreading among an active and ingenious order of minds, 
both in Britain and America, and which has been long knowa 
on the Continent, — that would fain transfer the work of crea- 
tion from the department of miracle to the province of natural 
law, and would strike down, in the process of removal, all th& 
old landmarks, ethical and religious. 
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THE DEVELOPMENT HYPOTHESIS, AND 
CONSEQUENCES. 




EvEBY individual, whatever its species or order, begins 
and increases until it attains to its state of fullest develop- 
ment, under certain fixed laws, and in consequence of their 
operation. The microscopic monad develops into a fcctus, 
the fcetus into a child, the child into a man ; and, however 
marvellous the process, in none of its stages is there the 
[lightest mixture of miracle ; from beginning lo end, all is 
progressive development, according to a determinate order of 
things. Has Nature^ during the vast geologic periods, been 
pregnant, in like manner, with the human race? and is the 
species, like the individual, an effect of progressive develop- 
ment, induced and regulated by law ? The asseriora of ihc 
revived hypotliesia of Maillet and Lamarck reply in the af- 
firmative. Nor, be it remarkec!, is there positive atheism 
involved in the belief. God might as certainly have origi- 
nated the species by a law of development, as ho Tnaintains'a 
by a law of development ; the existence of a First Great 
Cause is as perfectly compatible with the one scheme as with 
the other ; and it may be necessary thus broadly to slate the 
not only in justice to the Lamarckinns, but also fairly to 
I their non-gcolo^'ical opponents, that in this cojitest 
(he eld an ti -atheistic arguments, whether founded on the 
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evidoDce of design, or on the preliminary doctrine of final 
(lauses, cannot be brought to bear. 

There are, however, beliefs, hi no degree less important 
to the moralist or the Christian than even that in the being of 
a God, which seem wholly incompatible with the develop- 
ment hj'polheaiB. If, during a period so vast us to he scarce 
expressible by figures, the creatures now human have been 
rising, by almost infinitesimals, from compound microscopic 
cells, — minute vital globules within globules, begot by elec- 
tricity on dead gelatinous matter, — until they have at length 
become the men and womenwhom we see around us, we must 
hold either the monstrous belief, thai all the vitalities, whether 
those of monads or of mites, of fishes or of reptiles, of birds 
or of beasts, are individually and inherently immortal and 
undying, or that human souls are not so. The difference be- 
tween the dying and the undying, — between Ihe spirit of the 
brute that goeth downward, and the sjiirit of the man that 
goeth upward, — is not a difference infinitesimally, or even 
alomically small. It possesses all the breadth of the eternity 
to come, and is an infinitely great difference. It cannot, if I 
may so express myself, be shaded off by infinitesimals or 
atoms ; for it is a difference which — as there can bo no cla^ 
of beings intermediate in their nature between the dying and the 
undying — admits not of gradation at all. What mind, regu- 
lated by the ordinary principles of human belief, can possibly 
hold that every one of the thousand vital points which swim in 
a drop of stagnant water are inherently fitted to maintain their 
individuality throughout eternity > Or how can it be rationally 
lield that a mere progressive step, in itself no greater or more 
important than that effected by the addition of a single brick 
lo a house in the building stale, or of a single atom to a body 
in the growing state, could ever have produced immortality ? 
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And yet, if the spirit of a moaad or of a mollusc be not im- 
mortal, Iheii must there either have been a point in ihe his- 
tory of ihe species at which a dying bnile — differing from 
Its offspring merely by an inferiority of development, repre- 
Benled by a few atoms, mayhap by a single atom — produced 
an undying man, or man in his present slato must be a mere 
animal, possessed of do iramoilal soul, and as irresponsible 
for bis actions to the God before vfhose bar ho is, in conse- 
quence, never lo appear, aa his presumed relatives and pro- 
genitors Uie beasts that perish. Nor will it do to attempt 
escaping from the difficully, by alleging that God at soma 
certain link in the chain might have convened a mortal crea- 
ture into an immortal esislence, by breathing into it a " living 
8oul;" seeing that a renunciation of any such direct inter- 
ference OD the part of Deity in the work of creation forma - 
the prominent and eharacterBtic fealuro of the scheme, — 
iiay» that it constitutes the very nucleus round which the 
Bcheme has originated. And thus, though the development 
theory be not atheistic, it is at least practically tantamount 
to atheism. For, if man be a dying creature, restricted in 
his existence to the present scene of things, what does it really 
matter to bim, for any one moral purpose, whether there be a 
God or no? If in reality on the same religious level with 
the dog, wolf, and fox, that are by nature atheiste, — a nature 
most properly coupled with irresponsibility, — to what one 
practical purpose should he know or believe in a Goo whom 
he, aa certainly as they, is novcj to meet as his Judge ? or 
why should he square his conduct by the requirements of the 
moral code, farther than a low and convenient expediency 
may chance to demand ? * 

• The Continenlid sBsertora of the development bypottiPsiH are 
greatly mote &ank than tlioae of our own country regarding ihe 
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Nor (Joes the purely Christian objection to the d 
hypothesis seem less, but even more insuperable thoa ihat 
derived from the province of natural theology. The belief 
which is perhaps of all others most fundamentally essential 
to the revealed scheme of salvation, is the belief thai " God 
created man upright," and that man, instead of proceeding 
onward and upward from this high and fair beginning, to a 
yet higher and fairer standing in the scale of creation, sank, 
and became morally lost and degraded. And hence the ne- 
cessity for that second dispensation of recovery and restora- 
tion which forms the entire burden of God's revealed mes- 
sage to man. If, according to the development theory, the 



"life after death," and what man has to cspoot from it. The in- 
dividual, they tell us, perishes forsver ; but, then, ont of hia ramains 
there spring up other vitalities. The immortality of the soul is, it 
iTould eeeni, an idle figment) for there really exists no such things as 
souls ; but is there no comfort in being tanght, instead, that we 
are to resolve into monads and maggots > Job solaced hinaelf with 
tho assurance that, even after worms had destroyed his body, he was 
in the flesh to see God. Had Professor OXen been one of hia com- 
forters, he would have sought to restrict his hopes to the prospect of 
living in the worms, " If tho organic fundamental substance cdiumC 
of infusoria," says the Professor, ■■ so moat the whole organic world 
originate irom infusoria. Plants and animals can only be metamor- 
phoses of infusoria. Ttiis being granted, so also must all organiza- 
tions coiuiai of infusoria, and, during their destruction, dissolvQ into 
the same. Every plant, every animal, is converted by maceration 
into a mucous mass; this putrefies, and the moisture is stocked 
with infusoria. PutrclaclJon is nothing else than a division 
of organisms into infusoria, — a reduction of the higher to the 
primary life. • * " • Death is no annihilation, hut i 
change. One individual emerges out of another. Death is only a 
transition to ai other life, — not into death. This transition from oi 
life to another takes place through the primary condition of the o 
ganic, or th_- mucus." — Physio- Philoaipky, pp. 187-189. 




AND ITS COHSEqOENCES. 41 

progress of the " first Adam " was an upward progress ; the 
exislencB of Ihe "second Adam" — Ihot "Imppier man," 
according lo Milton, whose special work it is to " restore " 
and " regain the blissful scat " of the lapsed race — is siniply 
a meaningless anomaly. Christianity, if the development 
theory be true, is exactly what some of llio more extreme 
Moderate divines of the last age used to moko it — an idle 
and unsightly excrescence on a code of morals that would be 
perfect were it away. 

I may be in error in Uikrg this serious view of the matter ; 
nnd, if so, would feel grateful to the man who could point out 
to mo that special link in the chain of inference at which, 
with respect to the bearing of Ihe theory on the Iwo theolo- 
gies — natural and revealed — the mistake has taken place. 
But if I he in error at all, it is an error into which I find 
not a few of the first moo of the age, — represented, as a 
class, by our Professor Sedgwicks and Sir David Brewsiers, 
— have also fallen ; and until it be shown lo he an error, and 
thai the development theory is in no degree incompatible 
with a belief in the immortality of the soul — in the responsi- 
bility of man to God as the final Judge — or in the Christian 
scheme of salvation — it is every honest man's duty lo protest 
against any ex parte statement of the question, that would 
insidiously represent it as ethically an indifferent one, or as 
unimportant in its theologic bearing, save lo " little religious 
seels nnd scientific coteries." In an address on the fossil 
flora, mode in September last by a gentleman of Edinburgh 
lo the St. Andrew's Horticultural Society, there occurs the 
following passage on this subject: "Life is governed by 
external conditions, and new conditions imply new races ; but 
then, as to their creation, that is the ' mystery of mi/steries.' 
Are they created by an immediate fiat and direct act of the 
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Almighty? or has He originally impressed life with an elos- 
licity aod adaptability, so ihal it Bhall take upon itacif new 
forms and characters, according to the conditions to which it 
shall be subjected } Each opiaioQ has had, and still has, its 
advocates and opponents ; but the truth is, that science, so far 
.ts it knows, or rather so far as it has had the honesty and 
courage to avow, has yet been unable to pronounce a satisfac- 
tory decision. Either way, it matters liltle, pht/sically or mor- 
ally; either mode implies the same omnipotence, and wisdom, 
and foresight, and protection ; and it is only your litde religious 
sects and scientific coteries which make a pother about the 
matter, — sects and coteries of which it may be justly said, 
Ihat they would almost exclude God from the management 
of his own world, if not managed and directed in the way 
that they would linve it," Now, this is surely a most unfair 
representcktion of the consequences, ethical and religious, 
involved in the development hypothesis. It is not its com- 
patibility with belief in the esisience of a First Great Cause 
that has to be established, in order to prove it harmless ; but 
its compatibility with certain other all-importaDl beliefs, with- 
out which simple Theism is of no moral value whatever — a 
belief in the immortality and responsibility of man, and in 
the scheme of salvation by a Mediator and Redeemer. Dis- 
sociated from these beliefs, a belief in the existence of a God 
is of as little ethical value as a belief in the existence of the 
great sea-serpent. 

Let us see whether we connot determine what the testi- 
mony of Geology, on this question of creation by development, 
really is. It is always perilous to under-estimate the strength 
of an enemy ; and the danger from tlie development hypoth- 
esis to an ingenious order of minds, smitten with the novel 
fascinations of pnyaical science, haa been under- estimated very 
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coDsiderably indeed. Save by a few studious meOi who to 
the cultivation of Geology and the cognate branches add some 
acquaintance with metaphysical science, the general corre- 
spondence of the Une of assault taken up by tliis new scliool 
of infideiily, with that occupied by the old, and the conse- 
quent ability of the assailants to bring, not only the recently 
forged, but also the previously employed artillery into full 
play along its front, has not only not been morked, but even 
Dot so inucli as suspected. And yet, in order to show tlial 
there actually is such a correspondence, it can be but neces- 
sary to state, that the great antagonist points in the array of 
the opposite lines, are simply the law of development verms 
the miracle of creation. The evangelistic Churches cannot, 
in consistency with their character, or with a due regard to 
the interests of their people, slight or overlook a form of error 
tit ofkce exceedingly plausible and consummately dangerous, 
and which is telling so widely on society, that one can scarce 
travel by railway or in a steamboat, or encounter a group of 
intelligent mechanics, without finding decided trace of its 
ravages. 

But ere the Churches can be prepared competently to 
deal with it, or with the other objections of a similar class 
which the infidelity of an ago so largely engaged as the pres- 
ent in physical pursuits will bo from lime to time originating 
they must greatly extend their educational walks into the 
field of physical science. The mighty change which has 
token place during the present century, in the direction in 
which the minds of the first order are operating, though 
indicated on the face of the country in characters which 
cannot be mistaken, seems to have too much escaped the no- 
tice of our theologians. Speculative theology and the meta- 
physics are cognate branches of the same science ; and when, 
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as in Ihelasl and the preceding ages, the higher philosophy of 
Ihe world was metaphysical, the Churches look ready cogni- 
zance of the fact, and, in due accordance with the requireraenls 
of tho lime, the battle of the Evidences was fought on meta- 
physical ground. But, judging from the preparations made in 
their colleges and halls, they do not cow seem sufficiently 
aware — though the low thunder of every railway, and tlie snort 
of every steam engine, ani the whistle of the wind amid the 
wires of every electric telegraph, serve to publish the fact 
— that it is in the departments of physics, not of metaphys- 
ics, that the greater minds of the age arc engaged, — that 
the Lockcs, Humes, Kants, Berkeleys, Dugald Stewarts, and 
Thomas Browns, belong to the past, — and that the philoso- 
phers of the present time, tall enough to be seen all the world 
over, are the Humboldts, the Arogos, the Agassizes, the Lie- 
blgs, the Owens, the Herschela, the Buckiands, and the Brew- 
Bters. In that eciucalional course through which, in this coun- 
try, candidates for the ministry pass, in preparation for their 
office, I find every group of great minds which has in turn 
influenced and directed the mind of Europe for the last three 
centuries, represented, more or less adequately, save the last. 
It is an epitomo of all kinds of learning, with the exception 
of tho kind most imperatively required, because most in 
accordance with the genius of the lime. The restorers of clas- 
sic literature — the Buchanans and Erasmuses — we see rep- 
resented in our Universities by the Greek and what are termed 
the Humanity courses ; the Galileos, Boyles, and Newtons, by 
(he Mathematical and Natural Philosophy courses ; and the 
Lockes, Knnls, Humes, and Berkeleys, by the Metaphysical 
course. But the Cuviers,lhe Hutlons,the Cavendishes, and the 
Watts, with their successors, tho practical philosophers of the 
present age, — men whoso achievements in physical science 






we Gai marked on the surface of (lie country in characiers 
which IT ight be read from ihe moon, — are not udequately 
represented. It would be perhaps more correct to say, that 
they are not represented at all ; • and the clergy, as a class, 
Buffer themselves to linger far in the rear of an intelligent and 
accomplished laity — a full age behind the requirements of 
the time. Let them not shut their eyes to the danger which 
is obviously coming. Tlie battle of the Evidences will have 
as certainly to be fought on the field of physical science, as 
it was contested in the last aga on that of the metaphysics. 
And on this new arena the combatants will havo to employ 
new weapons, which it will be the privilege of the challenger 
to choose. The old, opposed to these, would prove but of 
little avail. In an age of muskets and artillery, the bows and 
arrows of au obsolete school of warfare would be found 
greatly less than sufficient, in the field of battle, for purposes 
either of assault or defence. 

" There are two kinds of generation in the world," says 
Professor Lorenz Oken, in liis " Elements of Physio -philoso- 
phy ; " " the creation proper, and the propagation that ^ 
aequeDt thereupon — or the gmeratio originaria and secun- 
daria. Consequently, no organism has been created of larger 
size than an infusorial point. No organism is, nor ever has 



• I trust that at Inaat by ami by tliero may be «n exception 
claimed, from the goncnil, hut, I am am-e, well-mciinl, censure of 
this passage, in favDr of the Tree Church of Scotland. It hns 
got 03 ita ProfesHor of Physical Science — thanka to the sagacity 
of Chalmers — Dr. John Fleming, a man of European reputation; 
and all that seems further necesEary, in order to secure the benefits 
contemplatod in the appointment, is, that attendance on his course 
Bbonld be tendered imperativs on ail Free Church candidates for thi 
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one beei^ created, which is not microscopic. Whatever is 
larger has not heea created, but developed. Man has not 
been created, but developed." Such, in a few brief dogmatic 
sentences, is the development theory. What, in order to 
establish its truth, or even to render it in some degree proba- 
ble, ought lo be the geological evidence regarding it ? The 
reply seems obvioua. In the first place, (he earlier fossils 
ought to be very small in size ; in the second, very loio in 
organization. In cutting into the stony womb of nature, in 
order to determine what it contained mayhap millions of ages 
ago, we mual expect, if the development theory be true, to 
look upon mere embryos and fiEtuses. And if we find, in- 
stead, the full grown and the mature, then must we hold tli&t 
the testimony of Geology is not only not in accordance with 
the theory, but in positive opposition to it. Such, palpably, is 
\he principle on vihichf In this matter, we ought to decide. 
What are the facts ? 

The oldest organism yet discovered in the most ancient 
geological system of Scotland in which vertebrate remains 
occur, seems to be the Asteroiepis of Stromness. After the 
explorations of many years over a wide area, I have detected 
none other equally low in the system ; nor have I ascertained 
that any brother-explorer in the same field has been more 
fortunate. It is, up to the present time, the most ancient 
Scotch witness of the great class of fishes that can in this case 
be brought into court ; nay, it is in all probability the oldest 
ganoid witness the world has yet produced ; for there appears 
i of this order of fishes in the great Silurian 
n which lies underneath, and in which, so far as geolo- 
itence first began. How, then, on 
) relevant points — bulk and organization — does ii 
,s of the development hypothesis ? Was 
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it a mere foetus of the finny tribe, of minute size, and imper- 
fect, embryonic faculty ? Or was it of at least the ordinary 
bulk, and, for its class, of the average organization ? May I 
solicit the forbearance of the non-geological reader, should 
my reply to these apparently simple questions seem unneces- 
sarily prolix and elaborate ? Peculiar opponunities of obser- 
vation, and the possession of a set of unique fossils, enable 
me to submit to our palaeontologists a certain amount of in* 
formation regarding this ancient ganoid, which they will deem 
at once interesting and new ; and the bearing of my state- 
ments on the general argument will, I trust, become apparent 
as I proceed. 



BhCENT mSTOBT 



THB EECENT HISTOEY OF THE A5TEQ0LEFIS. 



ITS PAMILT. 



Ii ii&d beca ioQg known (o the contiDeotal naturalists, thai 
in certain Russian deposits, very extensively developed, there 
occur in considerable abundance certain animal organisms ; 
but for many years neither their position nor character could 
be satisfactorily determined. By some they were placed too 
high in the scale of organized being ; by others too low. 
Kutorga, a writer not very familiarly known in this country, 
described the remains as lliose of mammals;~~-the Russian 
locks contained, he said, bones of quadrupeds, and, in espe- 
cial, the teeth of swine : whereas Lamarck, a better known 
authority, ihough not invariably a safe one, — for he had 
a trick of dreaming when wide awake, and of calling his 
dreams philosophy, — assigned to ihem a place among the 
corals. They belonged, he asserted, as shown by certain 
star-like markings with which they are fretted, to ihe Poly- 
paria. He even erected for their reception a new genus of 
Astrca,which lie designated, from the little rounded hillock 
which rises in the middle of each star, the genus Morttiat- 
laria. It was left to a living naturalist, M. Eichwald, to fix 
their true position zoologically among the class of fishes, and 
10 Sir Roderick Murchison to determine their position geologi- 
cally as ichtbyolifes of the Old Red Sandstone. 



OF THE ASTEROLEPIS. 



Sir Roderick, on bis return from his great Russian cam- 
paigns, in which he fared far otherwise than Napoleon, 
and accomplished more, submitted to Agassiz a series of 
fragmenls of these gigantic Gnnoids ; ami ihe celebrated 
ichthyologist, who had been introduced little more than a 
twelvemonth before to the Plerichthys of Cromarty, was at 
£rst inclined to regard them as the remains of a large cui- 
tassed fish of the Cephalaspian type, but generically new. 
Under this impression he bestowed upon the yet unknown 
ichtliyolite of which they had formed part, the name CAe- 
lonichthys, from the reEemblance borne by the broken plates 
to those of the carapace and plastron of some of the Che- 
lonians. At this stage, however, the Russian Old Red 
yielded a set of greatly finer remains than it had previously 
jiirnished ; and of these, casts were transmitted by Profes- 
Ber Asmus, of the University of Dorpal, lo the Brilish and 
London Geological Museums, and lo Agassiz, " I knew not 
at first what to do," aaya the ichthyologist, " with bones 
of so singular a conformation that I could refer them to 
no known typo." Detecting, however, on Ibeir exterior 
surfaces the star-like marking which had misled Lamarck, 
itnd which he had also detected on the lesser fragments sub- 
Boitted to him by Sir Roderick, he succeeded in identifying 
teth the fragmenls and bones as remains of the same genus ; 
and on ascertaining that M. Eichwald had bestowed upon 
it, from these charucterisiic sculpiurings, the generic name 
4-iterolepii, or star-scale, he sufTored the name which he 
himself had originated lo drop. Even this second name, 
however, which the iclilhyolite still continues to bear, is 
in some degree founded in error. Its true scales, as I shall 
by and by show, were not stelliferous, but fretted by a pecu- 
liar style of ornament, consisting of waved anastomosing 
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ridges, breaking atop into angular-shaped d Us, scooped out 
internally like ihe letter V ; and were evidently intermedi- 
ate in their character between the ecales which cover the 
Glyplolepis and those of the Holoplychius. And the stellate 
markinga which M. Eichwald graphically descrihes as mi- 
nute paps rising out of the middle of star-like wreaths of 
little leaflets, were restricted to the dermai plates of the 

Agassiz ultimalely succeeded in classing the bones which 
had Bt first so puzzled him, into two diviaions — interior and 
dermal ; and the latter he divided yet further, though not 
without firat lodging a precautionary protest, founded on the 
extreme obscurity of the subject, iuto cranial and opercular. 
Of the interior bones he specified two, — a super-scapular 
bone, {supra-Bcapvlaire,) — that bone which in osseous fishes 
cotnplctea the scapular arch or bell, by uniting the scapula to 
the cranium ; and a maxillary or upper jaw-bone. But his 
world-wide acquaintance with existing fishes could lend 
him no aaaialance in determining the places of the dermal 
bones ; they formed the mere fragments of a broken puzzle, 
of which the key was lost. Even in their detached and irre- 
ducible state, however, he succeeded in baaing upon them 
several shrewd deductions. He inferred, in the first place, 
that the AsterolepU was not, as had been at first supposed, a. 
cuirassed fish, which look its place among the Cephalaapiana, 
but a strongly helmed fish of that Ccelacanth family to which 
the Holoptychius and Glyptolepis belong; in the second, that, 
like several of its bulkier cogencrs, it was in all probability 
a broad, flat-headed animal ; aud, in the third, that as Its re- 
mains are found associated in the Russian be js with nume- 
rous detached teeth of large size, — the boar tusks of Ku- 
orga, — which present internally thai pecutiaf microscopic 
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^^liaracter on which PrafeBsor Owen has erected his Den- 
drodic or tree-Ioothed fimily of fishes, — it would in all hke- 
Khood be found thai both bones and teeth helonged lo the 
■nme group, " It appears more than probahle," he said, 

lat one day, by the discovery of a head or an entire jaw, 
it will be shown thai the genera Dcndrodus and Asterolr^U 

n but one." As we proceed, the render will see how 
justly the ichthyologist assigned to the Asferolepis its place 
ttmong the Cffilncanlhs, and how entirely^ his two other con- 
jectures regarding it have been confirmed. " I have had in 
general," he concluded, " bul small and mutilated fragments 
of the creature's bones subraitled lo me, and of these, even 
the surface ornaments not well preserved ; hut I hope the 
inimense maferials with which the Old Red Sandstone of 
Russia has furnished the savans of Ihal country will not be 
lost lo science; and that my labors on this intereaiing genua, 
mcomplete as they are, will excite more and more the atten- 
tion of geologists, by showing them how ignorant we are of 
ell the essential facts concerning the history of the first inhab- 
itants of our giobe.'^ 

I know not what the savans of Russia have been doing for 
the last few years ; hut mainly through the labors of an 
intelligent tradesman of Thurso, Mr. Robert DicV, — one of 
Aose working men of Scotland of active curiosity and well- 
developed intellect, that give character and standing to the 

t, — I am enabled to justify the classification and confirm 

conjectures of Agassiz. Mr. Dick, after acquainting him- 
Be!f, in the leisure hours of a laborious profession, with the 
shells, insects, and plants of the northern locality in which 
he resides, had set himself to study its geology ; and with 

3 view he procured a cooy of the little treatise on the Old 
Bed Sandstone lo which 1 havo already referred, and which 
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nas at that lime, as Agassiz^s Monograph of the Old !Eled 
fishes had not yet appeared, t^.e only work specially devoted 
to the pateonlology of the system, so largely developed i 
the neighborhood of Thurso. With perhaps a single excep- 
tion, — for the Thurso rocks do not yet seem to have yielded 
8 Pterichthys, — he succeeded in finding specimens, in a slate 
of better or worse keeping, of all the various ichihyolitea which 
I had described as peculiar to the Lower Old Red Sandstone. 
He found, however, what I had noi described, — the remains 
of apparently a very gigantic ichthyolite ; and, communi- 
cadng with me through the medium of a common friend, he 
submitted to me, in the first instance, drawings of his new 
set of fossils ; and ultimately, as I could airivc at no sat- 
isfactory conclusion from the drawings, he with great liber- 
ality made over to me the fossils themselves. Agassiz's 
Monograph W!i9 not yet published ; nor had I an opportu- 
nity of e.xamining, until about a twelvemonth after, the 
casts, in the British Museum, of the fossils of Professor 
Asmus. Besides, all the little information, derived from 
various sources, which I had acquired respecting the Eus- 
sian Ckelonickthys, — for such was its name at the time, — 
referred it to the cuirassed type, and served but to mislead. 
I was assured, for instance, that Professor Asmus regarded 
hia set of remains as portions of the plates and paddles 
of a gigantic Ptericlithifs, of from twenty to thirty feet in 
length. And so, as I had recognized in the Thurso fossils 
the peculiarities of the Holoptychian (Cffilacanth) family, I 
at first failed to identify them with the remains of the great 
Hussion fish. All the larger bones sent me by Mr. Dick 
were, I found, cerebral ; and the scales associated with 
these jidicaied, not a cuirass-protected, but a scale-covered 
body and exhibited, in their sculptured and broadly imbri- 
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eatcd surfaces, the well-marked CcBlacanth style of disposition 
Knd ornament. But though I could not recognize in either 
or scales the rcrasins of ooe ichthyoliie more of the 
Old Bed SaodstODe, " that could be regarded as manifcstiog 
3 peculiar a type among fishes an do the Ichthyosauri and 
Plesiosauri among reptiles," • I was engaged at the time in 
ae of inquiry regarding the corehral development of 
.the earlier verlebrala, that made me deem them scarce less 
interesting than if I could. Ere, however, I altempi com- 
Biunicaling to the reader the result of my researches, I must 
introduce him, in order that he may be able to set out with 
the examination of the Aslerolepis from the same start- 
kig-point, to the Cffilacanlh family, — indispulably one of the 
eldest, and not (he least interesting, of its order. 

So far as is yet known, all the fish of the earliest fossilif- 
«roiis system belonged to the placoid or " broad plated " order, 
- — a great division of fishes, represented in iho existing seas 
by the Sharks and Kays, — animals that to an internal skele- 
ton of cartilage unite a dermal covering of points, plates, or 
3 of enamelled bone, and have Iheir gills fised. The 
dermal or outicular bones of this order vary greatly in 
ibrm, according to the species or family : in some cases they 
a vary, according to Iheir place, on the same individual. 
Those butlon-like tubercles, for instance, with an enamelled 
rn, bent like a hook, growing out of the centre of each, 
which run down the back and tail, and stud the pectorals of the 
■tiiom-back, (Raja clavala,) differ very much from the smaller 
5, with star-formed bases, which roughen the other parts 
of the creature's body ; and the bony points which mottle 



■ Agaseiz's description of the Ptaichihya, «s qnoted by Hurolioldt, 
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Fig. 2 




the back and sides of the diorks are, in meet of the known 
species, considerably more elongated and prickly than the 
points which cover their fina, belly, and snout. The extreme 
foTins, however, of the shagreen tubercle or plate Reem to be 
those of the upright prickle or spine on the one hand, and of 
the slant-laid, rhomboidal, scale-shaped plate on the other. 
The minuter thorns of the ray 
(fig. 2, fl) exemplify the estreme 
of the prickly type ; the fins, ab- 
domen, and anterior part of iho 
head of the spotted dog-fish {SeyUi- 
um stellare) are covered by lozenge- 
shaped little plates, which glisten 
with enamel, and are so thickly set 
that they cover the entire Gurface of 
the skin, (fig. 3, J,) — and these 
A Shagrci-i of thi Thm-iAuiJi, seem equally illustrative of the scale- 
(Ba^ciatata.) lifce form. They are shagreen 

b Shagreen of Sphaaodua,— . . . 

a plaa»d of the Upper P"'"*^ jVassmg into OBseous scales, 
Siltirian.' without, however, becoming really 

such ; though they approach them so nearly in the shape and 
disposition of their upper disks, that the true scales, also osse- 
ous, of the Acanlhodes salcatms, {fig. 3,«,} a Ganoid of the Coal 
Measures, can scarce be distinguished from them, even when 
microscopically examined. It is only when seen in section 
that the d'stinctive difference appears. The true scale of the 
Acanlhodes, though considerably elevated in the centre, seems 
to have been planted on the skin ; whereas the scale-like sha- 
green of the dog-fish is elevated over it on an osseous pedicle oi 
footstalk (fig. 5, a) as a mushroom is elevated over the sward 

■ From Uurcliiiioii'B Siluniui System. 
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on its stem j and the base of the slalk Fig. 3 

b found to resemble in ils stellate charac- ^ 

ler that of a shagreen point of the prickly ^^^k 

type. The apparent scale la, we find, a ^^^P 

bony prickle bent at right angles a Uitle 
over its base, and fiatiened into a rhom- 
boidal diak alop. 

In small fragments of shagreen, (fig. 
S, b,) which have been detected in the 
oonc-bed of the Upper Ludlow Rocks, '■ ^J^jC'*""""^" 
(Upper Silurian,) and constilule the most b.SAnjj-iimyf*yW™ 
ancient porliona of this subatance known ^, itetoj-e, (.-moui.) 

'^ (Mag. eiglildinineteta.) 

to the pateontologLst, the osseous tiiber- 

the minuter spikes of the ray, of the upright 
ihom-like type ; they merely serve to show that the pla- 
coids of the flrst period possessscd, like those of [he exist- 
ing seas, an ability of secreting solid bone on their cuticular 
surfaces ; and that, though at least such of them as have 
bequeathed to us specimens of their dermal armature pos- 
sessed it in the form farthest removed from that of their im- 
mediate successors the ganoid fishes, they resembled them 
not less in the substance of which their dermoskeletal, than 
in that of which their endoskeleta!, parts were composed. 
For tho internal skeleton in both orders, during these early 
ages, seems to have been equally cartilaginous, and the cutic- 
ular skeleton equally osseous. In the ichihyolitic formation 
"nnraedialely over the Silurians, — that of the Lower Old Red 
Sandstone, — the Ganoids first appear; and the members 
of at least one of the families of the deposit, the Acaoths, 
— a family rich in genera and species, — seem to have 
formed connecting li-ks between this second order and 
their placoid predecessors. They were covered with true 




a. Scala Of CharoBan- 

tAus mierolepiAitia. 

b. SAagreen of Spinae 

Acanthiaa. (Snout.) 
(Mag. eight diameteisO 
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scales, (fig. 4, a,) and iheir free gills were protected by gill- 
covers; and ho they must be regarded 
as real Ganoids ; but as tbc shagreen 
of the spotted dog-fish nearly ap- 
proaclics, in form and character, to ga- 
noid scales, without being really such, 
the scales of (his family, on the other 
hand, approached equally near, without 
changing their nature, to the shagreen 
of tbo Placoids, especially to that of the 
spiked dogfish, {Spinax Acanthias.) 
{Fig. 4, b.) We even find on their under 
surfaces what seems to be an approxi- 
to tlie characteristic footstalk. 
They so considerably thicken in the 
middle from their edges inwards, (fig. 
5, c,)as lo terminate in their centres 
in obtuse points. With these shagreen- 
like scales, the heads, bodies, and 
fins of all the species of at least two 
of the Acanih genera, — Cheiracan- 
thus and Diplacanthus, — were as thick- 
ly covered as the heads, bodies, and 
fins of the sharks are with their sha- 
green ; and so slight was the degree 
of imbrication, that the portion of each 
scale overlaid by the two scales in 
immediate advance of it did not ex- 
ceed the one twelfth part of its entire area. In the scale of 
the CkeiracaiUkus we find the covered portion indicated by a 
smooth, narrow band, that ran a 
which the furrows that fretted the e 
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». Seetion of shagreen of 
ScyOium sitllare. 

b. Under lurface of do. 

0. Stetioti of tcala of 
Ckeiracaidhus tiiicro- 
lepidolaa. 

d. UnOtr mrface of do. 

(Mag. eiglit diumetcrs.) 
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traverse, li may he added, t!ial boih genera had the a 
edge of their fins armed wiih strong spines, — a characleris- 
tic of several of the Placoid families. 

In the Diplerian genera Osleolepu and Diplopterus the scales 
were more unequivocally such 
than in the Acanihs, and more 
removed from shagreen. The 
under surface of each was 
traversed longiludinally by a 
raised bar, which attached it 
to the skin, and which, in the 
transverse aeclion, serves lo 
leRiind one of the shagreen 
fboislalk. They are, besides, 
of a rhoniboidal form ; and, 
when seen in tbe fiaer speci- 
mens, lying in their proper 
places on what had been once 

creature's body, they seora 
merely laid down side by side 

ine, like those rows of 
glazed tiles that pave a cathe- 
dral floor; but on more care- ^ 
fbl examination, we find that 
each little tile was deeply 
grooved on its higher aide and i 
end, (for it lay diagonally jn re- "" ' " *"* """"' ""' "" ' 
iation to the head,) like the flags of astone roof, (fig. 6, a,) — 



• These acalea, whicli occur in a detached BtatP, in n Bt 
■of the Old Ecd Sandstone, near Cromarty, proscnl for 
]*iger extent of wnar tiian Ihf arales of any other Ganoic 
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a of Oileolepii mitrofepicto- 

b. Seala ofanitndacTibedjptcieiqf 
GlyptoUpis-* 
be single scales man. two diame- 



thai its klera! and anteria. neighbors impinged upon it dong 
these grooves to the extent of about one third its area, — and 
that it impinged, in turn, to the same extent on the scales that 
bordered on it posteriorly aad latero-posteriorly. Now, in 
llic Ccelacanth family, (and on. this special point the foregoing 
remarks are intended to boar,) the scales, which were gen- 
erally of a round or irregularly oval form, (fig. 6, 6,) over- 
lapped each other to as great an extent as in any of the exist- 
ing fishes of the Cycloid or Ctenoid orders, — to as great an 
extent, for instance, as in the carp, salmon, or herring. In a 
slated roof there is no part on which the slates do not lie 
double, and along the lower edge of each tier they lie triple ; 
— there is more of slate covered than of slate seen : where- 
as in a tile-roof, the covered portion is restricted to a small 
strip running along the top and one of the edges of each tile, 
and the tiles do not lie double in more than ihesame degree in 
which the slates lie triple. The scaly cover of the two gen- 
era of Dipterians to which I have referred was a cover on tlie 
tile-root principle ; and this is an exceedingly common char- 
acteristic of the scales of the Ganoids. The scaly cover of the 
Ccnlacanths, on the other hand, was a cover on the slale-ioo{ 
principle ; — there was in some of their genera about one third 
more of each scale covered than exposed ; and this is so rare 
a ganoidal mode of arrangement, that, with the exception of 
tiiG Dipterus, — a genus which, though it gives its name to 
the Diplerian sept, differed greatly from every other Dip- 
terian, — I know not, beyond the Umils of the ancient CcsU 
acanth family, a single Ganoid that possessed it. The bony 
covering of the Coilacanlhs v/as farthest removed in character 
from shagreen, aa that of their contemporaries the Acanths 
approximated to it most nearly; they were, in this respect, 
? of their order; and, did we find the 
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C<Elncanths in but the laler geological rorroatioDa, while the 
Acaolba were restricted to the earlier, it might be argued 
by assertors of the itevelopment hypothesis, that the amply 
imbricated, slate-like scale of the latter had been developed 
in the lapse of ages from ilia shagreen tubercle, by passing 
ia its downward course — broadening and expanding aa it 
descended — through the minute, scarcely imbricated disks 
of tlie Acanihs, and the more amply imbricated lile-like 
rhombs of the Dipterians and Palsonisci, until it had reached 
its fuil extent of imbrication in the familiar modern type 
mplified ia bolh the Ccelacanths and the ordinary fishes. 
snot the order which naturo has observed ; — the 
:s of the ganoid scale appear together in the same 
early formation : both become extinct ot a period geologically 
remote ; and die ganoid scales of the existing state of things 
which most nearly resemble those of ancient titDe are scales 
formed on the intermediate or tile-roof principle- 

The scales of the Cislaconths were, in almost all Ihe 
genera which compose the family, of great size ; in some 
species, of the greatest size to which this kind of integu- 
ment ever attained. Of a Cffilacanth of the Coal Measures, 
the Holoplyckius Hibberti, the scales in the larger speci- 
mens were occasionally from five to sii: inches in diame- 
ter. Even in the Holoptychiux nohilissirmts, in an individual 
scarcely exceeding two and a half feet in length, they meas- 
ured from an inch and a half to an inch and three quarters 
each way. In the splendid specimen of this last species, in 
the British Museum, there occur but fourteen scales between 
the ventrals, though these lie low on the creature's body, 
and the head ; and in a specimen of a smaller species, — the 
Holoptyckius Andersoni, — but about seventeen. The exposed 
portion of "he scale was in most species of the family curious- 



ly fretled by intermingled ridges and furrows, pits and tviber- 
clea, which were either boldly relieved, as in the Holoplychius, 
or existed, as in the Glj/ptolepis, ns stim, delicately chiselled 
threads, lines, and dots. The head was covered by strong 
plates, which were roughened with tubercles either confluent 
or detached, or hollowed, as in the Bothriolepit, into shal- 
low pits. The jaws were thickly set with an outer range of 
true iiah teeth, and more thinly with an inner range of what 
seem reptile teeth, that stood up, tall and bulky, behind the 
others, like officers on horseback seen over the heads of their 
fool-soldiers in front. The double fins, — pectorals and ven- 
trals, — were characterized each by a thick, angular, scale- 
covered centre, fringed by (he rays ; and they must have 
borne externally somewhat the form of the sweeping paddles 
of the Ichthyosaurian genus, — a peculiarity shared also by 
the double fins of the Diptertts. The single fins, in all iho 
members of the family of which specimens have been found 
sufficiently entire lo indicate the fact, were four in number, — 
an anol, a caudal, and two dorsal fins ; end, with the excep- 
tion of the anterior dorsal, which was comparatively small, 
and bent downwards along die back, as if its rays had been 
distorted when young,' they were all of large size. They 
crowded thickly on the posterior portion of the body, — the 
anterior dorsal opposite the ventrals, and the posterior dorsal 
opposite the anal fin. The fin-raya of the various members 
of the family, and such of their spinous processes as have 
been detected, were hollow tubular hones ; or rather, like the 
larger pieces in the framework of the Placoids, they were 
cartilaginous within, and covered e.xlemaliy by a thin o 



• A peculiarity wHch also o 



crual or shell, which olone survives; and to ihis peculiarity 
they owe their family name, Ccelaconth, or " hollow-apiiie." 
The internal hollow, i. e. cartilBginous centre, was, however, 
equally a charade risiic of the spinoua processes of the Coe- 
eosteus. In their geoeral proporilona, iho Ccelacanths, if we 
perhaps except one species, — the Glypl.okpis taieroffpidotiis, 
— were all squal, robust, strongly-built fishes, of the Dirk 
Hatlerick or Balfour-of-Burley type; and not only in the 
larger specimens gigantic in their proportions, hut remarkable 
for the strength and weight of their armor, even when of but 
moderate stature. The specimen of Holoptychias noHlUai' 
nus in the British Museum could have measured Utile more 
d;nn three feet from snout to tail when most entire ; but it 
must have been nearly a foot in breadth, and a bullet would 
have rebounded flattened from its scales. And such was that 
ancient Ccelacanlh family, of which the oldest of our Scotch 
Ganoids, — iho AsterolepU of Slromneas, — formed one of 
the members, and which for untold ages has had no living 
representative. 

Let us now enter on our proposed inquiry regarding the 
cerebral development of the earlier vertebrata, and see 
whether we cannot ascertain after what manner the first true 
brains were lodged, and what those modifLcatlons were which 
their protecting box, the cranium, received in the subsequent 
periods. Independeml;' of its own special interest, the 
inquiry will be found to have a direct bearing on our general 
subject. 
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CEREBRAL DEVELOPMENT OF THE EARLIEE 



VERTEBRATA, 



! APPAKENT PHIWCIPLE. 



is held by a class of nttturalista, some of them of the high- 
est standing, thai the skulls of the vertebrata consist, like the 
columns lo wliicii iliey are attached, of vertebral joints, coin- 
posed each, in the more typical forms of head, as ihey are in 
the trunk, of five parts or elements, — the centrum or body, 
the two spinous processes which enclose the spinal cord, and 
the two ribs. These cranial verlebrte, four in number, cor- 
lespond, iC is said, to the four senses that have their seat 
in the head : there is the nasal vertebra, the centrum of which 
is the vomer, its spinal processes the nasal and ethmoid 
bones, and its ribs the upper jaws ; there is the ocular ver- 
tebra, the centrum of which is the anterior portion of ttje 
s]ihenoid bone, its spinal processes the fronlBls, and its 
ribs the tinder jaws ; there is the lingual vertebra, the cen- 
trum of which is the posterior sphenoid bone, its spinal pro- 
cesses the parietals, and its ribs the hyoid and branchial 
bones, — portions of the skeleton largely developed in fishes ; 
and, lastly, there is the auditory vertebra, the centrum of 
which is the base of the occipital bone, and its spinal pro- 
cesses tho occipital crest, and which in the osseous fishes 
bears attached to it, as its ribs, the bones of the scapular 
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ring. And the cerebral segmenla ihus constructed we find 
represented in typical diagrams of the skull, as real Terte- 
bia. Professor Owen, in his lately published Ireatiso on 
"The Nature of Limbs," — a work charged with valuable 
fact, and instinct with philosophy, — figures in his draught of 
the archetypal skeleton of the vertebrata, the four Tortebne 
of ihe head, in a form as unequivocally such as any of the 
vertebrte of the neck or body. 

Now, for certain purposes of generalization, I doubt not 
that the conception may have its value. There are in all 
nature and in all philosophy certain central ideas of general 
bearing, round which, at distances less or more remoto, the 
subordinate and particular ideas arrange themselves, 

" Cj-cle and epicycle, orb in orb." 

Id the classificatioits of the naturalial, for instance, all tpecies 
lange round some central generic idea ; all genera round some 
central idea, lo which we give the name of order ; all orders 
round some central idea of class ; all classes round some 
central idea of division; and all divisions round the interior 
central idea which constitutes a kingdom. Sir Joshua Rey- 
nolds forms his theory of beauty on this principle of central 
ideas. " Every species of the animal, as well as of the vege- 
table creation," he remarks, " may be said to have a fi.\ed or 
determinate form, towards which nature is continually inclin- 
ing, like various lines terminatiog in a centre ; or it may be 
.(Ximpared to pendulums vibrating in different directions over 
■one central point, which they all cross, though only one of 
tiioir number passes through any other point," I 
.stances, in illustrating his theory, the Grecian beau ideal 
of the human nose, as seen in the statues of the Greek dei- 
ties. It formed a straight line ; whereas all deformity of 
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noee ia of a convex or concave character, and occBsiancd by 
either a rising above or a slaking below this medial line of 
beauty. And it may be of use, as it ia unquestionably of in- 
lereal, to conceive, after this manner, of a certain type of 
Hkeleton, embodying, as it were, the central or primary type 
of all vertebral skeletons, and canaisling of a double range 
of rings, united by the bodies of the vertebrx, aS the two 
rings of a figure S are uniied at their point of junction ; the 
upper ring forming the enclosure of the brain, — spinal, and 
cephalic ; the lower that of the viscera, — respiratory, circu- 
latory, and digestive. Sucli is the idea embodied in Professor 
Owen's archetypal skeleton. It is a scries of vertebno 
composing double rings, — llieir Jratn-rings comparatively 
small in the vertebne of the trunk, but of much greater size 
in the verlehrte of the head. But it must not be forgotten, that 
central ideas, however necessary to the classification of the 
naturalist, are not historic facts. We may safely hold, 
with the philosophic painter, that the outline of the typi- 
cal human nose is a straight line ; but it would be very un- 
safe to hold, as a consequence, that the lirst men had all 
straight noses. And when we Und it urged by at least one 
eminent assertor of the development hypothesis, — Professor 
Oken, — that light was the main agent in developing the sub- 
stance of nerve, — that the nerves, ranged in pairs, in turn 
developed the verlebrBe, each vertebra being but " the peri- 
phery or envelope of a pair of nerves," — and that the 
i:erves of those four senses of smell, sight, taste, and hearing, 
which, according to the Professor, " make up the head," origi- 
nated the four cranial vertebra which constitute the skull, — 
it becomes us lo test the central idea, thus converted into 
a sort of historic myth, by the icalities of actual history. 
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iWhut, ihen, let us inquire, is the real history of the cerebral 
development of the vertebmla, as recorded in the rocks of the 
earlier geologic periods ? 

Though the vertebrata esialed in the tchihyic form through- 
out the vaatiy extended Silurian period, we find in thai ^stem 
no remains of the cranium : the Silurian fishes seem, as has 
been already said, (page 53,) to have been exclusively Pla- 
coid , and the purely cartilaginous box formed by nature for 
the protection of the hrain in this order has in no case been 
preserved. Teeth, and, in at least one or two instances, the 
sainute Jaws over which they were planted have been found, 
o portion of the skull. Wo know, however, that in the 
£shes of the same order which now csisi, the cranium con- 

' sists of one undivided piece of a cartilaginous substance, set 
thickly over its outer surface with minute polygonal points of 
bone, (fig. 7,} compoEed iniernally of Fie. T. 

Etr-like rays, that radiate from tiie 
centre of ossification, and that pre- 
n consequence, seen through a 
microscope, the appearance of the 
polygonal cells of a coral of the genus 
Aatrea. The pattern induced is that Ossfoui poinb, ofpiacoid 
of stars set within polygons. Along cranium.* 

the sides or top of tliis unbroken t'*^*B-t«eWodmnitters.i 

• cranial box, that exhibits no mark of suture, wc find the 
perforations through which tlic nerves of smell, sight, laste, 
jUid hearing passed from the brain outwards, und see that tiiey 
have failed to originate distinct vertebra! envelopes for Ihem 

ijelves; — they all lodge in one undivided mansion-house, 
Vid have merely separate doors. We find, further, that the 

• From the head of Raja ciocofa. 
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liomotypal His of the CDlire cranium consist, not of four, bul 
simply of a single pair, attached to the occiput, and which 
serves both to suspend the jaws, upper and nether, in their 
place under the middle of the head, and to lend support to 
the hyoid and branchial framework ; while the scapular ring 
we find existing, as in the higher vertebrata, not as a cere- 
bral, but Its & cervical or dorsal appendage. In the wide 
range of the animal kingdom there are scarce any two 
pieces of organization that less resemble one another in 
form than the vertehrte of the placoids resemble their skulls ; 
and the difference is not merely external, but extends to 
even their internal construction. In both skull and vertebne 
we detect an union of bone and cartilage ; but the bone of 
each vertebra forms an internal continuous nucleus, round 
which the cartilage is arranged, whereas in the skulls it 
'\s the cartilage thai is internal, and the bone is spread in 
granular points over it. If we dip the body of one of the 
dorsal vertebra of a herring into melted wax, and then with- 
draw it, we will find it to represent in its crusted slate the ver- 
tebral centrum of a Placoid, — soft without, and osseous with- 
in ; but in order to represent the placoid skull, we would have 
first to mould it out of one unbroken piece of wax, and then 
to cover it over with a priming of bone-dust. And such is 
the effect of this arrangement, that, while the skull of a 
Placoid, exposed to a red heat, falls into dust, from the cir- 
cumstance that the supporting framework on which the gran- 
ular bono was arranged perishes in the fire, the vertebral 
centrum, whose internal framework is itself bone, and so not 
perishable, comes out in a state of beautiful entireness, — re- 
sembling in the thornback a squat sand-glass, elegantly fenced 
round by the lateral pillars, (fig. 8, i,-)and in the dog-fish (a) 
elongated sand-glass, in which the lateral pillars ara 
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warning. Such are the head* and ver- Fig. 8. 

■tebral joints of the exisling Placoida ; 

and such, reasoning from analogy, seem 

to have been the character and constnic- 

lion of the heads and vertebral joints a 6 

of the Placoids of the Silurian period, — >. Otnixa caiCrvm of 

earliest-born of the Vericbmta. ^ ^^^^^f 

The most nucrent brain-bearing cm- Bigaclavaia. 
niums that have come down to us in mti. Ute ) 

the fossil stale, are those of the Ganoids 
of the Lower Old Red Sandstone ; and in these fishes the 
true skull appears (o have been as entirely a simple carti- 
laginous box, as that of the Piacoids of either the Silurian 
iod or of the present time, or of those existing Ganoids, 
the sturgeons. In the Lower Old Red genera Cheiracanthua 
and Diplacanihtta, though ihe heads are frequenlly proBerved 
as amorphous masses of colored matter, we detect no trace 
of internal bone, save perhaps in the gill-covers of the firsi- 
named genus, which were fringed by from eighteen to twenty 
minute osseous rays. The cranium seems to have been cov- 
ered, as in the shark family, by skin, and the skin by minute 
sbagreen-like scales ; and ail of the interior cerebral frame- 
work which appears underneath exists simply as faint impres- 
eions of an undivided body, covered by what seem to he osseous 
points, — the bony molecules, it is probable, which encrusted 
the cartilage. The jaws, in the belter specimens, are also 
preserved in the same doubtful style , and this state of keep- 
is the common one in deposits in which every true bone, 
however delicate, presents an outline as sharp as when it oc- 
lied its place in the living animal. The dermal or skin- 
Akeleton of bath genera, which consLsted, as has been shown 
(pages 55, 56) of shagreen-like osseous scales and slender 
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Spines, both brilliantly enamelled, is preserved entire ; where- 
as ihe interior framework of the head exists as mere point- 
speckled impressiona ; and the inference appears unavoidable, 
ihat parts which ao invariably differ in their slate of keeping 
now, must have essentially differed in their subalance originally. 
Now, in the C heir acanthus we detect the first faint indica- 
ons of a peculiar arrangement of the dermal skeleton, in re- 
ation to certain parts of the skeleton within, which — greatly 
more developed in some of iis contemporaries — led to im- 
portant results in the general structure of these Glanoids, and 
furniehea the true key to the character of the early ganoid 
head. In such of the existing Placoids as 1 have had an op- 
portunity of examining, the only portions of the dermal skel- 
eton of hone which conform in their arrangement to portions 
of the interior skeleton of cartilage, are the teeth, which are 
always laid on a base of skin right over the jaws : there is 
a!So an approximation to arrangement of a corresponding 
kind, (hough a distant one, in those hook-armed tuberelea of 
certain species of rays which run along the vertebral column ; 
but ia the shagreen by which the creatures are covered I have 
been able to delect no such arrangement. Whether it occurs 
on the fins, the body, or the head, or in the scale form, or 
in that of the prickle, it manifests the same careless irregu- 
larity. And on the head and body of the Cheiracanthia, and 
on all its fins save one, the shagrcen-like scales, though 
laid down more symmetrically in lines than true shagT>!en, 
manifested an equal absence of arrangement in relation 
to the framework within. On that one fin, however, — ihe 
caudal, — the scales, passing from their ordinary rhomhoid- 
al to a more rectangular form, ranged themselves in right 
lines over the internal rays, (fig, 9, d,) and imparted to these 
such strength as a splint of wood or whalebone fastened over 
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a fractured toe or finger imparts to tbe id- 
jured digit, — a provision which was probably 
rendered necessary in ihe case of this im- 
portant organ of motion, from Ihe circum- 
Blanco that it was the only fin which the 
creature possessed that was not strengthened 
and protected anteriorly by a strong spine. 
In the Cheirolepis, — a contemporary fish, 
characterized, like its cogeners the Cheiracan- 
thus and Ui^/aciinf/iuj, by simgreeu-like scales, 
but in which the spines were wanting, — we 
find a farther development of the provision. 
Ib all the fins the richly-enamclted dermtil- 
covering was arranged in lines over the rays, 
(fig. 9, h ;) and the scale, which assumes in 
tbe fias, like tho scales on the tail of the ,. 
Cheiracanlhus, though somewhat more irregu- 
larly, a rectangular shape, is so considerably ^ 
elongated, that it assumes for its normal cha- dtdjinofcitei 
nctsr as a scale, that of ihe joint of an ex- . """"'' 
ternal ray. A similar arrangement of e 
oal protection lakes place in this genus 
die bones of the head ; the carlilaginou 
osseous dermal covering, and, with thes 
the opercules, and the cranium. And il 
plates, which covered an interior skull, of which, save 
in one genua, — Ihe Dipterus, — not a vestige remains in any 
of the Old Red fishes thus protected, that we first trace what 

• The ddrker, upper patch in this figure indicates a portion in. 
wbieli the scales of the flns in tha fossil still retain their enamel ; 
— the lighter, a portion from which the entuael has dwappcared. 
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seem to be the homologties of the cranial bones of the osse- 
ous fishes, — at leust their homologues so far as the cutiexiiar 
can represent the inlemal. They appear for the first lime, 
not as niodilied spiaous processes, broadened, as in the cara- 
pace of the Chelonians, into osseous plates, but like those 
comeous external plates of this order of reptiles, (known 
ia one species as the torloisB-shell of commerce,) the ori^n 
of which is purely cuticular, aod which evince bo little cor- 
respondence in their divisions with the sutures of the bdhes 
on which they rest, that ihey have been instanced, in their 
relation to the joinings betiealh, as admirable illustrations of 
the cross-banding of the mechanician. 

In the heads of the osseous fishes, the cranium proper, 
though consisting, like the skulls of birds, reptiles, and mam- 
mals, of several bones, exisla from snout to nape, and from 
mastoid to mastoid, as one unbroken box; whereas all the 
other bones of the head, such as the maxiUaries and inler- 
masillaries, the lower jaws, the opercular appendages, the 
branchial arches, and the b ranch iosfegous rays, are connect- 
ed but by muscle and ligament, and fall apart under the pu- 
trefactive influences, or in the process of boiling. This un- 
broken box, which consists, in the cod, of twenty-five bones, 
is the homologue of that cmnial box of the Piacoids which 
consists of one entire piece, and the homoti/pe, according to 
Oken, of the bodies and spinal processes of four yertebne ; 
while the looser hones which drop away represent their rihs. 
The upper surface of the box, — that extending from the nasal 
bono to the nape, — ia the only part over which a dermal 
buckler could he laid, as it is the only part with which the ex- 
ternal skin comes in contact; and so it is between this upper 
surface and the cranial bucklers of the earlier Ganoids that we 
have lo institute comparisons. For it ia a curious fact, that. 
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Vvith ibe exception of the Old Red genera Aeanlliodus, Ckcir- 
LAcanfAut, and Diplaeanthus,* all Ibe Ganoids of the period in 
L which Ganoids tii^i appear have dcrinal bucklers placed right 
r their true skulls, and that these, though as united in their 
[ parts as the bones proper lo the cranium in quadrupeds and 
L fishes, are composed of several pieces, furnislied each with its 
I independent centre of osaificalion. The Dipterians, the Ca:la- 
l canths, the Cephalaspians, and at least one genus ptact-l 
L rather doubtfully among tlie Acanlhs, — the genus Cheirolrpis, 
I • — all possessed cranial bucklers extending from the nape lo 
I the snout, in which the plates, various, in the several genera, 
[ in form and position, were fast soldered togelhor, though in 
I every instance the lines of suture were distinctly marked. 

On each side of this external cranium the various cerebral 
I plates, like ihe corresponding cerebral ribs in the osseous 
I fishes, were free, at least not anchylosed together j and some 
I of their number unequivocally performed, in part at least, 
I the functions of two of these cerebral ribs, viz. the upper 
L and under jaws, with the functions of the opercular appen- 
dages attached to the latter. Id the cod, as in most otJier 
osseous fishes, the upper portion of the cranium consists of 
thineen bones, which represent, however, only seven bonea 
io the human skull, — the nasal, the frontal, the two parie- 
I iai, tlie occipital, and one-half the two temporal bones. And 
I whereas in man, and in mast of the mammals, there are four 
iof these placed in the medial line, — the four which, accord- 
g to the asserlors of the vertebral theory, form the spina! 
Mts of the f 3ur cerebral vertebrte, — in the cod there are but 



* The Acunths of tlio Coal Mpoaurci posso9B tlie cranial bucic- 
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m three. The super..occipital bone, A, (fig. 10,) pieces on to the 
1 Buperiot frontal, 0,0,0; and the parietala, B, B, which ia 
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A, OaitpUal lone. F, F, Foiieriorfitmialt. 

B, B, Parietali. E, E, Mutoid bona. 

C, C, C. Superior fi-ontaL 2, 2, Eyeoriits. 

I, Jtf-ojoi ione, a, a. Par-aacipilal bonei. 

D, D, A^^it^ frontal. 


• Professor Owen, in fixing the tomologies of the ichthjic head, 
differs considecaWy from Cuvier ; but his view Beems to be de- 
roonstcably the correct one. It will, however, be aeen, that in 

cranium with those of the craniumB of existing fishea, the points 
at issue between the two groat naturfllists are not involved, other- 
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ihe humuD subject from the upper and middle jurtions of 
flio cranial vault, are thrust out laterally and posteriorly, and 
take their places, in a subordinate capacily, on each side 
■of the super-occipital. This is not on invariable arrange- 
tnent among fishes ; — in the carp genus, for instance, the pa* 
rielala assume their proper medial place between the occipital 
and frontal bones; but so very general is the displacement, 
that Professor Owen regards it as characlerislic of the great 
iciilhyic class, and as the first e.tample in the vertebrata, 
reckoning from ihe lower forms upwards, of a sort of nat- 
ural dislocation among tlie bones, — "a modification," he 
remarks, "which, sometimes accompanied by great change 
of place, has tended most to obscure the essential nature of 
parts, and their true relations to the archetype." 

Of all tlie cerebral bucklers of the first ganoid period, that 
Vjich best bears comparison with the cranial front of the cod 
is the buckler of the Coccosteus, (fig. 11.) The general pro- 
])orlions of this portion of the ancient Cephalaspian head 
differ very considerably from those of the corresponding part 
in the modern cycloid one ; but in Ihcir larger divisions, the 
jinodem and the ancient answer bone to bone. Three 
wseous plates in the Coccosteus, A, C, I, the homologues, 
pparently, of the occipital, frontal, and nasal bones, 
yBnge along the medial line. The apparent homologues of 



^Kiiaed, for instance, ui not whctttcr plate A in tlie skulls of the cod 
tad Coccoalaiu bo the homologuo of a part of the occipital or that 
W s part of the parietal bones, hut whether plato A in the Corxas- 
feu> he the homologuo of plate A in the cod. The letleca employed 
I have borrowed from Agassiz'a restoration of the Coccotleia ; where- 
■s the figures intimate divisions which the impeifect keeping of the 
ipccimenB on which the ichthyologist founded did not enable *""'" (o 
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Fig. 11. 




the parietals, B, B, occupy the same position of lateral dU- 
placenrtent as the paiietals of the cod and of so many olhei 
fishes. The posterior fronlals, F, and the anterior frontals, 
D, also occupy places relatively the same, though the latter, 
which are of greater proportional size, encroach much fur- 
ther, laterally and posteriorly, on the superior frontal C, C, C, 
and sweep entirely round the upper half of the eye orbits, 2, 3. 
The apparent homologue of the mastoid bone, E which also 
occupies its proper place, joins posteriorly to a liitle plale, a, 
imperfectly separated in most specimens from the parietal, 
hut which seems to represent the par-occipital bone ; and it is 
a curious circumstance, that as, in many of the osseous fishes, 
it is to these bones that the forks of the scapular arch 
are attached, they unite in the Coceosteus ia furnishing, 
in like manner, a point of attachment to the cuirass which 
covered the upper part of the creature's body. Of the true 
internal skull of the CoccoUeus there 
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Like thai of the fflurgeon, it must have been a pci-ishable, 
cartilaginous box. 

In the Osteolepis, — an aainial the whole of whose eslernal 
head I have, at an expense of aome labor, and from the ex- 
amination of many specimeDs, been enabled to restore, — 
(he eranial buckler (fig. 12) was divided in a more arbitrary 

Fig. 12. 




tyle ; and we find that an element of uncertainty mingles 
B;ivilh our inferences regarding it, from the circumstance thai 
i of its lines of division, especially in the frontal half, 
I' were not reai sutures, but formed merely o kind of surfuce- 
liilooing, resorted to aa if for purposes of ornament. The 
cranial buckler of the AsleroUpis exhibited, as I shall after- 
wards have occasion to show, a similar peculiarity ; — both 
had their pseudo-sutures, resembling those false joints inlro- 
daced by the architect into his rusticated basements, in order 
r to impart the necessary aspect of regularity to what is techni* 
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cally termed the coursing and banding of the fubric. We can, 
however, determine, notwithalanding the induced obscurity, 
that the buckler of the Oaleohpis wna divided Iracsversely 
tho middle into two main parts or Eegmcnts, — an occipital 
part, C, and a frontal part, A ; and that the occipital segment 
teems to include also the parietal and mastoid plates, and the 
frontal segment to comprise, with its own proper plates, not 
only the nasal plate, but also the representative of the ante- 
rior part of the vomer. All, however, is obscure. Bi 
our uncertainty regarding the homologies of the divisions of 
this derma! buckler, let us not forget the homolt^ of the 
buckler itself, as a whole, with the upper surface of the 
true cranium in the osseous fishes. Though frequently crushed 
and broken, it e.'tists in all the finer specimens of my collec- 
tion as a. symmetrically arranged collocation of enamelled 
plates, as firmly uaited into cme piecG, though they all indi- 
cate their distinct centres of ossification, as the correspond' 
ing surface of the cranium in the carp or cod. The lateral 
curves in the frontal part immediately opposile the loze 
shaped plate in the centre, show the position of the eyes, 
which were placed in this genus, as in some of the ca 
orous turtles, immediately over tho mouth, — an arrangement 
common to almost all the Ganoids of the Lower Old Eed 
Sandstone. The nearly semicircular termination of the 
buckler formed the creature's snout ; and in the Osteolepit, 
in the Glypiolepis and tlie Diploptertcs, it was armed on the 
under side, like the vomer of bo many of Ihe osseous fishes^ 
with sharp teeth. Some of my specimens indicate the nasal 
openings a little in advance of the eyes. The nape of iha 
s covered by three detached plates, (9, 9, 9, fig. 
13,) which rested upon anterior dorsal scales, and whose 
homo.og'ies, in the osseous fishes, may possibly be found in 
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KSiose boBCs wbich, uniting the shoulder- bones lo ihe head, 
■*onipleIe the scapular bell or ring. The operculum we find 
represented by a single plate (B) which had attached to 
it, as its sub-operculitm, a plate (13) of nearly equal size, 
(see figs. 14 and 15.) Four small plates (2, 4, 5) formed 
ihe under curve of the eyea, described in many of the osse- 
ous fishes by a chain of small bones or ossicles ; a consider- 
ably larger plate (6) occupied the place of the preopercubr 
bone; while the intermaxillarios had their representatives in 
well-marked plates, (3, 3,) which, in the genera Osleohpis, 
Siplnplerus, and Gli/ptohpU, we find bristling so thickly with 
teeth along their lower edges, as to remind us of the minia- 
^.mre saws employed by the Joiner in culling out circular holes, 
^■Ipiese external intermaxillaries did not, as in the perch or cod, 
^Htaeel in front of the nasal bone and vomer, hut joined on at 
^^fte side, a little in advance of the eyes, leaving the rounded 
termination of the cranial buckler, which, like the intermaxil- 
laries, was thickly fringed wilh teeth, lo form, as has been 
■'idready said, the creature's snouL 
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The under jaws (10) — strongly-raarked bones in at least 
all iheDipterbo and CcelacfLntli genera — we find represented 
exlemally by massy plates, benrjag, like those of the upper 
jaw, tbeir range of teeth. As shown in a well-preserved 
specimt 1 of the lower jaw of Hohptychius, in ray possession, 
they were boxes of bone enclosing a bulky nucleus of car- 
tilage, which, in approaching towards the condyloid process, 
where great slrenglh was necessary, was thickly traversed by 
osseous cancelli, and passed at the joint into true bone. It ia 
in the under jaws of the earlier Ganoids that we first detect 
a true union of the external with the internal skeleton, — of 
the bony plates and teeth, which were mereplaies and teelh of 
the skin, with the osseous, granular walls which enclosed al 
least all ibe larger pieces of the cartilaginous framework of 
ihe interior. The jawa of the Rays and Sharks, formed of 
cartilage, and fenced round on iheir sides and edges by their 
thin coverings of polygonal, bony points, are wholly inter- 
nal and skin-covered ; whereas the leeth, which rest on 
the soft cuticular integument right over them, are as purely 
dermal as the surrounding shagreen. Teeth and shagreen 
may, we find, be alike stripped ofi" with the skin. Now, in 
the earlier ganoidal jaw, two sides of the osseous box which 
it composed, — its outer and under sides, — were mere 
- dermal plates, representative of the skin of the placoids, or 
of their shagreen ; while the other two, — its upper and in- 
ner sides, — seem to have been developments of the interior 
osseous walls which covered the endo-skeletal cartilage. Nor 
is it unworthy of notice, that the reptile fishes of the period 
had Iheir ichlhyic teeth ranged along the edge of an exterior 
dermal plate which covered the outer side of the jaw; 
whereas their reptile leeth were planted on a plate, ap- 
parently of interior development, which covered its upper 
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It ia further worthy of remark, that while the teeth 
■^ the dermal plate, — themselves also dermal, — seem as if 
Vtbey had grown out of i , and formed part of it, — juat as the 
I teeth of the Placoids grew out of the skin on which they rest, 
I —the reptile teeth within rested in shallow pits, — the first 
|.frjDt indications of true sockets. 

That space included within the arch formed by the sweep 
L of the under jawa, which we find occupied in the osaeoua 
I fishes by ihe hyoid bones and the b ranch iostegoua rays, waa 
I filled up externally, in t!ie Dipteriana and Ccelacanihs, and in 
it two genera of Cephalaspians, by dermal plates ; in some 
I genera, such as the Diphpterus, by three plates ; in others, 
I auch as the Holoplychiug and Glyplolepia, by two ; and in the 
I AsterolepiSt as we shall afterwards see, by but a single plate. 
I Id the Osteolcpis these plates were increased to five in number, 
fcby the iitlle plates 14, 14, (tig. 14,) which, however, may have 
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* The JBWs (to, 10) wUch exhibit in the print their greatest 
lircQclth wnuld have presented ia the Riiimal, seen tram beneath. 



J 



DEVELOPMENT 



been also present in the Di^loptena, lliough my specimena 
fail to show tliem. The general arrnngement was of much 
elegance, — an elegance, however, which, in the accompanying 
restorations, the dislocation of tlie free plates, drawn apart to 
indicate iheir detached character, somewhat tends to obscure. 
But the position of the eyes must have imparted to the ani- 
mal a sinister, reptile-Iike aspect. The profile, (fig. 15,) the 
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result, not of a chance-drawn outline, arbitrarily filled up, but 
produced by the careful arrangement in their proper places 
of actually existing plates, serves to show how perfectly the 
dermo-skeletal parts of the creature were developed. Some 
of IliB animals with which we arc best acquainted, if rep- 
resented by but their cuticular skeleton, would appear 
simply as sets of hoofs and horns. Even the tortoise or 
pengolin would present about the head and limbs their gaps 
and missing portions ; but the dcrmo-skeleton of the OsUo- 
lepis, composed of solid bone, and burnished with -enamel, 
exliibjted tho outline of the fish entire, and, with the eicep- 
tioQ of the eye, the filling up of all its external parts. Pre- 



theii narrow under- edges, and hare nearly fallen into tho lina of the 
nib-opercu!ar plates, (13, 13.) 
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Bcnling o .tBide, in its original stale, no fragmenl of akin or 
membrane, and with even its most flexible organs sheathed 
in enamelled bone, the Osteolepis must have very much re 
sembled a fish carved in ivory; and, though so effectually 
covered, it would have appeared, from the circumstance, thai 
it wore almost al! its bone outside, as naked as ihe human 
leelh. 

The crania! huckler of the Dij/hplenus (fig, 16) somewhat 
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an the Osteolepis, but ex- 

, My first perfect speci- 
3 of Mr. John Miller, of 



led that of its fellow-dipter 
hibitcd greater elegance of ouilira 
men, which I owe to the kindnei 
Thurso, an intelligent geologist of the north, reminded me, as 
it glittered in jel-black enamel on its ground of pale gray, of 
those Boman cuirasses which one sees in old prints, impaled 
DQ slakes, as the central objects in warlike trophies formed 
of spoils taken in battle. Tiie rounded snout represented the 
chest and shouldere, the middle f-orlion the waist, and the ex- 
pansion at the nape the piece of dress attached, which, like 
ihe Highland kilt, fell adown the thighs. The addition 
, of a fragment of a sIee^■e, suspended a liille over the eye 




orbilB, 2, 2, seemed all that waa ceceasary in order to render 
tho resemblance complete. But as I disinterred the buried 
edges'of llie specimen with a graver, the form, though it 
grew still more elegant, became less that of the Docient 
coat of armor ; the snout expanded into a semicircle ; the 
eye orbits gradually deepened ; and the entire fossil became 
not particularly like any thing but the thing it once was, — 
the cranial buckler of tlie Diphpterus. The print {fig. 17) 
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to be in- 

lines, but 

whether 



exhibits ils true form. It consists of two ma 
occipital (A) and frontal, (C, fig. 16 ;) and in c 
we find a pair of smaller divisions, with what sot 
dioaliona of yet further division, marked, not I 
by dots ; though I have hiiherlo failed 
(he plates which these last indicate possess their independ- 
ent centres of ossification. Not onfrequeotly, however, baa 
the comparative anatomist to seek the analogues of two 
bones in one ; nor is it at least mnre difficult to trace in 
ihe faint divisions of the cranial buckler of the Dipli^terua, 
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the homologues of the occipital, frontal, parietal, mosloid, 
aod nasal bones, than 1o recognize tlie representatives of tlio 
carpals or llio middle and ring finger ia man, in the cannon 
bone of the fore leg of the ox. I may mention in passing, 
the little central plate of the frontal division, (1, fig. 16,) 
;h so nearly corresponds with that of the Osteolepis, 
occurred, though with considerable variations of form and 
homology, and some slight difference of position, m all the 
Ganoids of the Old Hed Sundstoae whose craniums were 
id with an osseous buckler, and that its place was 
always either immediately between the eyes or a very little 
tliem. Its never-failing recurrence shows that it must 
bad sotae meaning, though it may be dilTicult to say 
In t!ie CoccosUks it takes the form of the male 
dovetail, which united ihe nasal plaie or snout to the plate 
representative of the superior frontal. Of the ctirtilnginous 
box which formed the interior sfcuU of either Osleolepii, 
or Diploplerus, or, with hut one excep- 
tion, of the interior skulls of any of 
contemporaries, tio trace, as I 
have said, has yet been detected. The 
ilitary exception in tiie case is, how- 
)ne of singular interest, 
collection of miscellaneous frag- 
ments sent me by Mr, Dick from the 
rocks of Thurso, I detected patches 
taf palatal teeth ranged in near.y the 
quadratures of circles, and which 
ndiated outwards from the rectangu- 
gie or centre, (fig. 18, S.) And . 
ilh the patches there occurred plates 
esactlv resembling the barbed 
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a dart, (o,) with which 
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1 had been previously acquainted, though I had failed to 
determine their cliaracter or place. The excellent slate 
of keeping of some of Mr. Dick's specimens now enabled me 
to trace the patches with the dart-head, and several other 
plates, to a curious piece of palalal mechanism, ranged along 
the base of a ganoid cranium, covered externally by a brightly 
enamelled buckler, and to ascertain the order in which 
patches and plates occurred. And then, though not without 
some labor, I succeeded in tracing the buckler whh which 
they were associated to the Diplinis, — a fish which, though 
it has engaged the attention oF both Cuvier aod Agassiz, has 
not yet been adequately restored. It is on an ill-preserved 
Orkney specimen of the crania! buckler of this Ganoid that 
the ichthyologist has founded his ge'n\is Folyphractus ; while 
groupcs of its palalal teeth from the Old Red of Russia he 
refers to a supposed Placoid, — the Clenodus. But in the 
earlier stages of pal Eeontolog leal research, mistakes of this 
character are wholly unavoidable. The palteontologist who 
did avoid them would be either very unobservant, or at once 
very rash and very fortunate in hia guesses. If, ere art 
entire skeleton of the Ichlkyosaurus had turned up, there had 
been found in different localities, in the Liasic formation, a 
beak like that of a porpoise, teeth like that of a crocodile, 
a head and sternum like that of a lizard, paddies like those 
of a cetacean, and vertebras like those of a fish, it would 
have been greatly more judicious, and more in accordance 
with the existing analogies, to have erected, provisionally at 
least, places specifically, or even generically separated, in 
which to range the separate pieces, than to hold that they had 
all united in one anomalous genus ; though such was actually 
the fact. And Agassiz, in erecting three distinct genera out 
of the fragments of a single genus, has in reality acted at once 



more prudently and more intetligently ihan if he had avoided 
the error by raslily uniting pacts wliich in their separate elate 
indicate no tie of conoection. 
The crania! buckler of thic Bipleras (fig. 19) was, like 
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that of the Diploplerus, of great beauty. 
&ner specimens, we find tbc enamel ornate'.y tatoocd, within 
the more strongly- marked divisions, by delicately (raced lines, 
waved and bent, as if upon the principle of Hogarth ; and 
though the lateral plojes are numerous and small, and defy 
the homokigiea, we may trace in those of the central line, 
from llie snout to the nape, what seen:' to be the represen- 
tatives of the frontal, parietal, and occipital bones, — the 
parietals ranging, as in the skull of the carp and in that of 
most of the mammals, in Iheir proper place in the medial 
lin^. But the under surface of the cranium, armed, as on 
the upper surface, with plalea of bone, exhibited an arrange 
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s peculiar, {fig. 20.) lis rectangular palchts 



, of palatal teeth, its curious dart-like bone, placed ii 



ialely 




behind iliese, and attached, as the dart-head is attached to 
the handle, to a broad lozenge-shaped plate, with two strong 
osseous processes projecting on either side, forms such a 
tout ensemble as is unique among fishes. Even here, however, 
there may he traced at least a shade of homological resem- 
blance to the bones which form the base of the osseous skull, 
The single lozenge-shaped plate, (A,) with its dart-head, 
occupies the place of the basi-occipital bone; the posterior 
portion of the vomer seems represented by a strong bony 
ridge, extending towards the snout j two separate bones, each 
bearing one of the angular patches of teeth, correspcuda to 
the sphenoid bone and its aliE ; and attached lalerally to each 
of these there is the strong projecling bone, on w'lich the 
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lower jaw appears lo liave liingeJ, and which apparenlly rep- 
resents the lower part of the temporal bone. Not less 
singular was the form of the creature's under jaw, (fig. 31.) 




m 



i know no other fish-jaw, whether of the recent or the ex- 
duct races, that might be so readily mistaken for that of a 
quadruped. It exhibits not only the condyloid, but also the 
coronoid processes ; and, save that it broadens on its upper 
edges, where in mammals the grinders are placed, so as to 
Airnish field enough for angular patches of teeth, which 
correspond with the angular patches in the palate, it mighl 
0e regarded, found detached, as at least a reptilian, if nol 
mammalian, bone. The disposiiion of the palatal teeth of the 
Diplerus will scarce fail lo remind the mechanist of the style 
af grooving resorted lo in the formation of mill-stones for 
Ae grinding of flour ; nor is it wholly improbable that, in 
correspondence with the rotatory motion of the stones to 
which the grooving is specially adapted, jaws so hinged may 
have possessed some such power of lateral motion as that 
exemplified by the hitman subject in the use of the molar 
toelh. 

The protection afforded by the osseous covering of both the 
upper and under surface of the cranium of this ichthyolite has 
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resulli,d, in sei'cral instances, in Ihe preservation, though al- 
ways in a greatly compressed stale, of the cranium itself, and 
the consequent exhibition of two very important cranial cavi- 
ties, the brain-pan proper, and the passage through which the 
spinal cord passed inlo the brain. Id the sturgeon the brain 
Dcctipiea nearly the middle of the head ; and there is a con- 
eiderable part of the occipital region traversed by the spine io 
a curved channel, which, seen in profile, appears wide at the 
nape, but considerably narrower where it enters the brain-pan, 
and altogether very much resembling the interior of a minia- 
ture hunting-horn. And such exactly was the arrangement 
of the greater cavities in the head of the Dipterus. The por- 
tion of the cranium which was overlaid by what may be re- 
garded as the occipital plate was traversed by a cavity shaped 
like a Lilliputian bugle-horn ; while the hollow in which tlie 
brain was lodged lay under (he two parietal plates, and tije 
little elliptical plate in the centre. The accompanying print, 
(fig. 93,) though of but slight show, may be regarded by tho 

Fig. 22. 



reader with some little interest, as a not inadequate represen- 
tation of the most ancient brain-pan on which human eye haa 
yet looked, — as, in short, the type of cell in which, myriads 
of ages ago, in at least one genus, that mysterious substance 
was lodged, on whose place and development so very much 
in the scheme of creation was destined to depend. The speci- 
men from which the figure is taken was laid open laterally by 
rthance exposure to the waves on the sliorea of Thurso ; 



rUF 1 
RDolher specimen, cut longitudinally by the saw of the lapi- 
dory, yields a similar section, Ijut greatly more compressed in 
ihe cavities ; on which, of course, as unsupported hollows, the 
compression to which the entire cranium had been esposed 
chiefly acted. When the lop and bottom of a box are 
violently forced together, it is the empty space which the box 
encloses that is auni lilated in consequence of the violence. 
It is deserving of notice, that the analogies of the cranial 
cavities in this ancient Ganoid should point so directly on the 
cranial cavities of that special Ganoid of the present time 
which unites a true skull of cartilage to a dermal skull of 
osseous plates, — a circumstance slrongly corroborative of the 
general evidence, negative and positive, on whicli I have con- 
cluded that the true skulls of the first Ganoids werv also car- 
tilaginous. It is further worthy of observation, that in all the 
Bectiona of the cranium of Diplerus which I have yet ex- 
amined, the internal line is continuous, as in the Placoids, 
from napo to snout, and that the true skull presents no trace 
of those cerebral verlebrte of which skulls are regarded by 
Oken and his disciples as developments. Historically al 
least, the progress of tlie ichthyic head seems to have been 
a progress from simple cartilaginous boxes to cartilaginous 
boxes covered with osseous plates, that performed the func- 
tions, whether active or passive, of internal bones ; and then 
from eslernal plates to the interior bones which the plates 
had previously represented, and whose proper work they had 
done. 

The principle which rendered it necessary that the divis 
■-ons which exist in the dermal skulls of the first Ganoids 
should so closely correspond with the divisions which exist 
in the internal skulls of (he osseous fishes of a greatly later 
ncriod, does not seem to lie far from the surface. Of the 
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solid paria of the iciithyic head, a certain set of pieces afford 
protection to the brain and cerebral nerves, and to some of the 
organs of the senses, such as those of seeing end hearing ; 
while another certain set of pieces constitute the framework 
through which an important class of functions, manducatory 
and respiratory, are performed. The protective bones of 
merely passive function are fixed, whereas the bones of active 
function, such as the jaws, the ( 
opercules, and the hyoid bon-es, a; 
free i e. cp.pable of independer 
detached character necessary to the f 



isoous framework of the 
re to the necessary extent 
L motion. Of course, the 
cerebral bones would 



be equally necessary in cerebral plates united dermally to the 
pieces of the cartilaginous f.-amework, which performed in 
the ancient fish the functions uf these free bones. And hence 
jaw plates, opercular plates, and hyoid plates, whose homolog- 
icnl relation with recent jaws and opercular and hyoid bones 
cannot be mistaken. They were operative in performing 
identical mechanical functions, and had to exist, in conse- 
fjuewje, in identical mechanical conditions. And an equally 
simple, though somewiiat different principle, seema to have 
regulated the divisions of the fixed cranial bucklers of ihe 
* Old Red Ganoids, and to have determined their homologies 
with the fixed cerebral bones of the osseous fishes. 

These crania! bucklers, extending from nape to snout, pro- 
tected the exposed upper surface of the cartilaginous skull, 
and conformed to it in shape, as a helmet conforms to th6 
shape of the head, or a breasl-plato to the shape of the chest. 
And as the cartilaginous hends resembled in general out- 
line Ihe osseous ones, the buckler which covered iheii 
upper surface resembled in general outline the upper sur 
face of the osseous skull. It was in no case enlirely a 
Bat plale; but in every species rounded over the snoul. 
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and in most species at the sides ; and si , in order that its 
characteristic proportions might be preserved throughout the 
various stages of growth in the head which it covered, it had 
to he formed Trom several distinct centres of ossification, and 
to extend in area around the edges of the plates originated 
from these. The workman finds no difRcuIty in adding to 
the size of a piece of straight wall, whether hy heighten- 
ing or lengthening it; but ho cannot add to the size of a 
dome or arch, without first taking it down, and then erecting 
It anew on a larger scale. la (he domes and arches of the 
animal kingdom, the problem is solved by building them up of 
distinct pieces, few or many, according to the demands of the 
figure which they compose, and rendering these pieces capable 
of increase along their edges. It is on this principle that the 
Cystidca, the Echinidte, the Chelonian carapace and plastron, 
and the skulls of the osseous Vertebra (a, are constructed, ll 
is also the principle on whicli the cranial bucklers of the 
ancient Ganoids were formed.' And from the general re- 
semblance in figure of these bucklers to the upper surface of 
the osseous skull, the separate parts necessary for the building 
up of the one were anticipated, by many ages, in the building 
up of the other ; just as we find e.iterna! arches of slone 

■ In bU probability it is likewiao tho principle of the plaooid 
skolL The niuneroua oaseoas pointa by which the latter ia en- 
crusted, each capablo of inctCBae at the edges, accm the minute 
bricks of aa ample dome. It ia posaible, however, that new poicts 
may be furmeil in the inleratioes between the first formed onaB, 
BB what anatoroista term the iri^mtra or Wbrmiana form between 
tho serrated edgea of the lambdoidal auture in tho human skull; 
hnd Ihiit the osaeous Buriaco of the cerebral dome may thus oi- 
*nd, aa the dome itself increases in size, not through the growth 
of the preyioualy existing pieces, — the minute bricks of my illus- 
tration, — but through tho addition of now 07ips. Equally, in 
«ther cose, howoTcr, that essential diiTercnce bctwea the pia- 
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wliich were erected two thousand years ago, constructed oi 
ihe same principle, and relatively of the same parts, as internal 
arches of brick built in the present age. Doubtless, however, 
■with this mechanical necessity for correspondence of parts 
in the formation of corresponding erections, there may have 
mingled that regard for typical resemblance which seems 
so marked a characteristic of the style, if I may so express 
myself, in which the Divine Architect gives expression to 
his ideas. The external osseous buckler He divided after 
Ihe general pattern which was to be exemplified, in latter 
limes, in the divisions of the internal osseous skull ; as if in 
illustration of that "ideal exemplar" which dwelt in his 
mind from eternity, and on the palpable existence of which 
sober science has based deductions identical in their scope 
and bearing with some of the sublimes! doctrines of the theo- 
logian. "The recognition," aaya Profesaor Owen, "of an 
ideal exemplar for the verlebrated animals, proves that the 
knowledge of such a being as man existed before man ap- 
peared ; for the Divine mind which planned the archetype 
also foreknew all its modificalions. The archetypal Idea was 



coid skull sjid tho plocaid vcctabro, i 
Sppcora to hinge Dn ths tircuiDStancc, that 
while the osseous nucleus of each vertebral 

Catod shape, from a aingh point, the oss 
ous walls of the craniam hud to be form 
from, hundred]. The ooeonipanying diagram 
serves to ahow aStei what manner the ve 
bral centrum in the Bay enlarges with 
growth of the animal, by addition of h 
matter eiternol to the point in the middle, uj 
at which OHsificBtion first begins. The hori- 
xontal lines indicate the lines of increment in the 
which each centrum comprisGB, and the vertical 
increment in the lateral pillars. 
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manifested in the flesh, under divers Huch modificatiDiis, upon 
this planet, long prior to the existence of those animal species 
that actually exemplify it." 

But while we find place in that geological history in which 
every character is an organism, for the " ideal exemplar" of 
Professor Owen, we find no place in it for the vertebnE-de- 
veloped skull of Professor Oken. The true genealogy of the 
head runs in an entirely different line. The nerves of the 
cerebral senses did not, we find, originate cerebral verte- 
farae, seeing that the heads of the first and second geologic 
periods ha<i their cerebral nerves, but not their cerebral verte- 
brse ; and that what are regarded as cerebral-vertebree ap- 
pear for the first time, not in iho early fishes, but in the 
reptiles of the Coal formation. The line of succession 
through ihe fish, indicated by the Continental assertor of the 
development hypothesis, is a line cut off. All Ihe existing 
evidence conspires to show that the placoid heads of the Si- 
lurian system were, like the placoid heads of the recent 
period, mere cartilaginous boxes ; and that in the succeeding 
Bystem there existed ganoidal heads, that to the internal car- 
tilaginous box added external plates of bone, the homotogues, 
apparently, — so far at least as the merely cuiicular could be 
representative of the endo-skelelal, — of the opercular, max- 
illary, frontal, and occipital bones in the osseous fishes of a 
long posterior period, — fishes that were not ushered upon the 
scene until after the appearance of the reptile in its highest 
forms, and of even the marsupial quadruped. 



THE ASTEROLEPIS, ITS STRUCTUHE, BUJ 




WiTE the reader, if he iioa accompanied me thus Tar, I shall 
oow pass on lo the consideration o£ ihe remains of the Astero- 
lepis. Our preliminary acquaintance with the cerebral pecu- 
liarities of a few of ita less gigantic contemporaries will be 
found of use in enabling via to determine regarding a class of 
somewhat resembling peculiarities which characterized this 
hugest Ganoid of the Old Red Sandstone. 

The head of the Asterolepis, like the heads of all the other 
Cajlacaotha, and of all the Dipierians, was covered with osse- 
ous plates, — its body with osseous scales ; and, as I have 
already had occasion to menTion, it is from the star-like lu- 
bercles by which the cerebral plates were fretted that M, 
Eichwald bestowed on the creature its generic name. Agas- 
aiz has even erected species on certain varieties in the pat- 
tern of the stars, as exhibited on detached fragments; but 
I am far from being satisfied that we are to seek in their 
peculiarities of style the characters by which the several 
species were distinguished. The stellar form of the tu- 
bercle seems to have been its normal or most perfect form, 
as il was also, with certain modifications, that of the tuber- 
cle of the Cocconleits and PtericUhys ; but ita development 
as a complete star waa comparatively rare : in most cases the 
tubercles existed without the rays, — frequently in the insu- 



late^ pap-like shape, but not rarely confluent, or of an elon- 
gated or bent form ; and when to these the characteristic 
rays were added, the atara produced were of a rather eccen- 



ibling the shadows of siara 
have already been 
the form of the tubercle as 
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Iric order, — atarg somewhat r 
Been in water. Individual t 
found, on which, if we recogoizi 
a specific character, several spe- 
cies might be erected. The ac- 
companying wood-cut (fig. 24) rep- 
resents, from a Thurso specimen, 
what seems to he ihe true normal i 
pattern of these cerebral carving3. 
Seen in profile (b) the tubercles 
resemble little hillocks, perforated 
at their base by single lines of '^^'■""'"^"^■'".e' ^«-™^ 

■' " (Mag. iwo diamelerB.) 

thickly-set caves ; while seen from 

above, (a,) the narrow piers of bone by which the cavea ore 
divided take the form of rays. The reader will scarce fail 
to recognise in this print the coral Monliadaria of Lamarck, 
or lo detect, in at least the profile, the peculiarity which sug- 
gested the name. 

The scales whi^h cevered the creature's body (fig. 25) 
were, in proportion toils size, considerably smaller and thinner 
ihan those of the Holoplyekius, which, however, they greatly 
resemble in their general style of sculpture. Each, on the 
lower part of its exposed field , was, we see, fretted by longi- 
tudinal anastomosing ridges, which, in the upper part, break 
into detached angular tubercles, placed with the apex down- 
wards, and hollowed, leaf-like, in the centre ; while that cov- 
ered portion which was overlaid by the scales immediately 
above we find thickly pitted by microscopic hollows, that give 
to this part of the field, viewed under a toUrubly high 





magnifying power, a honeycombed oppearanco. 
The cenlral and lower parts of the interior sui^ 
face of the scale (a) are in most of the speci- 
mens irregularly roughened , while a broad, 
snuooth band, which runs along the top and 
<>ides, and seems to have furnished the line of 
Bttachment to the creature's body, is compara- 
tively smooth The exterior carvings, though 
they demand the assistance of tho lens to see 
them ariglit, are of lingular elegance and 
beauty, as perhaps the accompanying wood- 
cut, (fig 26,) which gncs a magnified view of a 
portion of the scale immediately above (i) from 
the middle of the honeycombed field on the 
right sidi, to \vhere the nnasiomosing ridge 



I>end gi'acefully in their descent, may in some degree serve lo 
show. 1 have seen a richly inlaid coat of mail, which waa 
once worn by the puissant Charles the Fifth ; but lis etaborata 
carvings, though they belonged to the age of Bcnvenuto 
Cellini, were rude and unfiniaheil, compared wiih those which 
/retted the armor of the Asterolepis. 

The creature's cranial buckler, which waa of great aiae 
and strength, might well be mistaken for the carapace of some 
Chelonian fish of no inconsidorable bulk. The cranial buck- 
lers of the larger Dipterians were ample enough lo have cov- 
ered the corresponding part in lite skulls of our middle-sized 
market-lish, such as the haddock andwhiling; the buckler 
of a Coceoaleus of the extreme size would have covered, if a 
little altered in shape, the upper surface of the skull of a cod ; 
but the cranial buckler of Aslerolepis, from which the accom- 
panying wood-cut was taken, (fig. 27,) would have considerably 
more than covered the corresponding part in the skull of a 
large horse ; and 1 have at least one specimen in my collec' 
tion which would have fully covered iha front skull cf ai 
phanl. In the smaller Rpecimens, the buckler somewhat 
resembles a laborer's shovel divested of its handle, and 
ly rust-eatea along its lower or cutting edge. It consisted 
of plates, connected at the edges by flat squamous sutures, 
as n joiner might perhaps say, glued together in bevelled joints. 
And in consequence of this arrangement, the same plates 
which seem broad on the exterior surface appear compara- 
lively narrow on the interior one, and vice versa ; the oi 
tal plate, (a,) which, running from the nape along the centre 
t^ the buckler, occupies so considerable a space on its outer 
surface, exhibits inside a superficies reduced at least one half. 
Xiike nine tenths of its contemporaries, the Asta-ohpis ex- 
'hibila the little central plate between the eyes ; but the 



i 




(One fifth 

eye orbits, unlike those of the Coecosteus, and of all Uie 
Dipterian genera, whicli were half-scooped out of the craDJal 
buckler, half- en circled by detached pldtea, were placed com- 
pletely within the field of the buckler, — a circumstance , 
in which they resemble the eye orbits of the Plerichthys, 
and, among existing fish, those of tha sea-wolf. The 
characteristic is also a distinctive one in Cuvier's second 
family of the Acanthopterygii, — the " fishes with hard 
cheeks," A deep line immediately over the eyes, which, 
however, indicated no suture, but seema to have been me(%- 
ly ornamental, forms a sort of rudely talooed eyebrow ; 
the marginal lines parallel to the lateral edges of the buck- 
ler were also mere lotooings ; but all the others indicated 
jojntB which, though more or less anchylosed, had a real 
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existence. So flat was llie surface, thai the edge of a ruler 
rests upon il, in my several specimens, both lenglhwise and 
across ; but it was traversed by two flat ridges, whicli, stretch- 
iog from the comers of the latero-posterior, i. e. parietal, 
plates, {b, h,) converged at ilie little plate betweea the eyes ; 
while along the centre of the depressed angle which Ihey 
formed, a third ridge, equally flat with the others, ran towards 
the same poinl of convergence from the nope. The three 
ridges, when strongly relieved by a slant light, resemble 
not inadequately nn impression, on a large scale, of the 
Queen's broad arrow. 

Fig. 28. 
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The inner surface of the cranial buckler of Asterolepts, (fig. 
18,) — that which rested on the cartilaginovia box which 
formed the creature's interior skull, — slant 

ief from the slone than its outer surface, a 



ja box which 
out in bu.der I 
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picturesque object. Like the inner surfaces of the bucklere 
of Coecosleiu nnd Pterichthys, but much more thickly than 
these, it was traversed by minute channelled markings, some- 
what resembling those slriffi which may be detecfed in the 
flatter bones of the ordinary fishes, and which seem in these 
to be mere interstices between the osseous fibres. And in the 
plates, as in the bones, they radiate from the centres of ossifi- 
cation, which are comparatively dense and massy, towards the 
thinner overlapping edges. These radiating lines are equally 
well marked in the cerebral bones of the human fcetus. The 
three converging ridges on the outer surface we find on the 
inner surface also, — the lateral ones a little bent in the mid- 
dle, but so directly opposite those oulside, that the thicken- 
ing of the buckler which takes place along their line is at 
least as much a consequence of their inner as of their outer 
elevation over the general platform. A fourth bar ran 
transversely along the nape, and formed the cross beam oD 
which the others rested ; for the three longitudinal ridges 
may be properly regarded as three strong beams, which, es- 
tending from the transverse beam at the nape to the front, 
where they converged like the spokes of a wheel at the nave, 
gave to the cranial roof a 'degree of support of which, from 
its great fiatness, it may have stood in need. In cranial 
bucklers in which the average thickness of the plates does 
not exceed three eighth parts of an inch, their thickness in 
the centre of the ridges exceeds three quarters. The head 
•y{ the largest crocodile of the existing period ia defended 
by an armature greatly less strong than that worn by the 
Aslerolepis of the Lower Old Red Sandstone. Why this 
ancient Ganoid aho ild have been so ponderously helmed 
we can but doubtfully guess; we only know, that when na- 
ire arms her soldiery, there are assailants to bt: resif 'ed and 
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a slate of war to be maiotaincd. The posterior central plate, 
the homologuo apparently of the occipital bone, was curiously 
catyed into an ornate massive leaf, like one of the larger 
leaves of a Co.ntiiian capital, ant! terminated beneath, 
Where the stem s.'ould have been, in a strong osseous knob, 
fashioned like a ^ike head. Two plates imnnediately over it, 
the homologuea of the superior frontal bone, with the little 
nasal plate which, perched atop in the middle, lay between the 
creature's eyes, resembled the head and breast in the female 
figure, at least not less closely than those of the " lady in the 
lobster ; " the posterior frontal plates in which the outer and 
nether half of the eye orbits were hollowed formed a pair of 
sweeping wings, and thus in the centre of the buckler we are 
presented with the figure of an angel, robed and winged, and 
of which the large sculptured leaf forms the body, traced in 
a style in no degree more rude than we might expect to see 
exemplified on the lie he o-eoc rusted shield of some ancient 
tombstone of Ihnt House of Avenel which bore as its arms the 
effigies of the Spectre Lady. Children have a peculiar knack 
in detecting such resemblances ; and the discovery of 
the angel in (he cranium of the AstgroUpis I owe to one of 

It is on this inDer side of the crania! buckler, where there 
are no such pseudo-joinings indicated as on the external sur- 
face, that the homologies of the plates of which it is com- 
posed can be best traced. It might be well, however, ere 
Belling one's self lo the work of comparison, to examine the 
skulls of a few of the osseous fishes of our const, and to mark 
how very considerably they difler from one another in their 
lines of suture and their general form. The cerebral divis- 
ions of the conger-eel, for instance, are very unlike those of 
the haddock or whiting ; and the sutures in the head of the 
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gurnard are dissimilarly arranged from those in the head of 
the perch. And nfier tracing the general ty])e in the more 
anomalous forms, and finding, with Cuvier, that in even these 
the " skull consists of the same bone?, though much subdivid- 
ed, as the skulls of the other verfebrata," we will be the bet- 
ter qualified for grappling with the not greater anomalies 
which occur in the cranial buckler of the AsleroJepit. The 
occipital plale, A, a, n, (hg. 29,) occupies its ordinary place 




opposite the centre of the nape ; the two parietals, B, B, rest 
beside it in their usual ichthyic position of displacement ; the 
Buperior frontal we find existing, as in the young of many ani- 
mals, in two pieces, C,C ; thenasal plate I, placed immediately 
in advance of it, is flanked, as in the cod, by the anterior front* 
als, D, D ; the posterior frontals, F, F, which, when viewed 
a the print, from beneath, seem of considerable size, and 



describe aterally and posleriorly about one half itie eye 
orbits, have their area on the exterior surface greatly reduced 
by the overriding squnmose sutures of the plaiea to which 
tliey join ; and lastly, two of these overlying plates, E, E, — 
which, occurring in the line of the lalerol bar or beam, are 
of great strength and thickness, and lie for two thirds of their 
length along the parietals, and for the rentaining third along 
the superior frontala, — represent the mastoid bones.' Such, 
BO far as I have been yet able to read the cranial buckler 
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plates. 

There were no pa 
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s of the animal more remarkable than 
jaws, — for the nether maxillary con- 
in the placoid fishes, and in the quad- 



joined in the middle, — were, 
like those of [he Holopl.i/cliius, boxes of bone, which enclosed 
central masses of cartilage. Tlie outer and under sides were 
ihickly covered with the characteristic star-like tubercles ; and 
along the upper margin or lip (here ran a thickly-set row 
of small broadly-based teeth, planted as directly on the edge 
of the exterior plate as iron spikes on the upper edge of a 
gate, (fig. 30.) Mr. Parkinson expresses some wonder, in 




hia work on fossils, that, in a fine ichlh^lite in the Brittah 
Museum, not only the teeth should have heen preserved, but 
also Ihe lips ; but we now know enough of the construction 
of the ancient Ganoids to cease wondering. The lipi were 
formed of as solid bone as the leelh ihemselves, and hod 
as fair a chance of being preserved entire ; just as the 
mclallic rim of a cogged wheel has as fair a chance of being 
preserved as the metallic cogs that project from it, Iramedi- 
alely behind the front row, — in which the teeth present the 
ordinary ichthyic appearance, — there ran a ihinly-aet row 
of huge reptile teeth, based on an interior platform of 
booe, which formed the top of the cartilage-enclosing bos 
composing the jaw. These were at once bent outwards and 
twisted laterally, somewhat like nails that have been drawn 
out of wood by the claw of a carpenter's hammer, and bent 
aivry with the wrench, (fig. 31.) They were furrowed 




longitudinally from point to base by mi 
and were furnished laterally, in mi 
though not in all, with two sharp cutlir 
had as yet no existence in creation ; 



lite thickly-set striK , 
t of the specimens, 
edges. The reptile 
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ning Bymbolized in ihe diintition of this ancient Ganoifl ; 
Bs it were, shows us the crocodile lying entrenched behind 
i fish. The interior strticlure of these reptile teelh is 
B*ery remarkable. In Ihe longitudinal section we find 
BliDinerous cancelli, ranged lengthwise along the outer 
Bedges, but much crossed, net-tike, wiiliin, — greatly more 
■i0pen towards the base than at Ihe point, — and giving place 
Kid the centre to q hollow space, occasionally traversed by a 
Mew slim oaseoua partitions, la the transverse section these 
jeancelli are found to radiate from the open centre towards 
circumference, like the spokes of a wheel from the 
Pnave; and each spoke seems as if, tike Aaron's rod, it hud 
J instinct with vegetative life, and had sprouted inii' 
■ branih and blossom. Seen in a microscope of limited field, 
f that takes in, as in the accompanying print, (fig. 32,) not more 
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Ihan a fourth part of ihc section, the appearance presented i» 
that of a well-trained wall tree. And hence the generic * 
name Dendrodu^, given by Professor Owen to teeth found 
detached in ihe deposits of Moray, when the creatures to 
which they had belonged were still unknown, — a name, 
however, which will, I suspect, be found synonymous rather 
with that of a family than of a genus ; for so far as 1 have 
yut examined, I find that the dendrodic or tree-like tooth, was, 
in at least the Old Ked Sandstone, a characteristic of all the 
Ccelacanth family. I may mention, however, as a curious 
subject of inquiry, thai the Cceiacaniha of the Coal Measures 
seem to have had their reptile teeth formed of pure ivory, — 
1 substance v/'hich I have not yet delected among the reptile- 
fish of the Old Red. Towards ihe base of the replile leeth 
of Asttrolepis, the interstices between the branches greatly 
widen, as in the branches of a tree in winter divesled of its 



foliage, (fig. 33, c;) the 
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Iso opens towards the 
base in the jtaA-teelh 
outside, in which, how- 
ever, ihe pattern in 
the transverse section 
is greatly less complex 
and ornate than that 
which the reptile leeth 
exhibits. When cut 
across near the point, 
they appear each as 
a thick ring, (fi,) tra- 
of ichihyio versed by lines thai 
■ "^ *• '" ■*- radiate towards the 

■hen cut across about half way down, ihey 
resemble, seen under a high magnifying power, 
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A. Stetionafja 

c, Replil* tooth m lAoum in uciion. 
u, b, 4 B. Roio of ic/Uhyic teeth in dermal 

plate of jam. 

B. ilagiiijied npretentati 



Eomewhai 



tfatwe caat-iroQ wheels on which itie engineer mounis liis 
railway carriages, (a,) In the longitudinal section tlieirliue 
of junction wilh the jaw is marked by numerous openings, 
but by no line of division, and they appear us thickly doited 
by what were once canaliculi, or life points, as any portion of 
the dermal bone on which they rest. 

It seems truly wonderful, when one considers it, lo what 
minute and obscure ramifications that variety of pattern which 
nature so laves to maintain is found lo descend. It descends 
in the fishes, both recent and extinct, to even the microscopic 
structure of their leelh ; and we find, in consequence, not 
less variety of figure in the sliced fragments of the teeth of 
the ichlhyolites of a single formation, than in the carved blocks 
print-yard. Each species has its own 
I, as if, in all the individuals of which it con- 
le block had been employed to stamp it ; and 
owo genera! li/pe of pattern, as if the same 
variously altered and modified, had been wrought 
upon in all. In the Dendrodic (Ccelacanth ?) family, for in- 
stance, it is the radical type, that from a central nave there 
sliouid radiate, spoke-like, a number of arborescent branches ; 
but in the several genera and species of the family, ihe 
branches belong, if I may so express myself, lo diiTerent 
shrubs, and present dissimilar outlioes. It has appeared tome, 
that at least a presumption against the transmutation of species 
might be based on those inherent peculiariiies of structure 
which are thus found to pen-ade the entire texture of the 
framework of animals. If we find erections dilTering from 
one another merely in cxtcrnul form, we have no difficulty in 
conceiving bow, by additions and alterations, they might be 
brought to exhibit a perfect uniformity of plan and aspect; 
iransmutedion, — development, — progression, — {if one may 
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use such terms,) — scctn possible in such circumslaaces. But 
if the buildings differ from each other. Dot only in external 
form, but also in every brick and beam, bolt and nail, no mere 
scheme of external alteration could ever induce a real resem- 
blance. Every brick would have to be taken down, and every 
beam and boll removed. The problem could not be wrought 
by the remodelling of an old house : the only mode of solving 
it would be by the ececlion of a new one. 

Of the upper maxillary bones of the Asterohpis, I only 
know that a. considerable fragment of one of the pieces, 
recognized as such by Agassiz, has been found in the neigh- 
borhood of Thurso by Mr. Dick, unaccompanied, however, 
by any evidence respecting its jilace or function. It exhibiis 
none of the characlerisilc tubercles of tlie dermal bones, and 
uo appearance of teelh ; but is simply a long bent bone, re- 
sembling somewhat less than the half of an ancient bow of 
steel or horn, — such a bow as that which Ulysses bended in 
the presence of the suitors. By some of the Russian geolo- 
gists this bono was at first regarded as a portion of the arm 
or wing of some gigantic FUricklhys. In the accompanying 
print {fig. 34) I have borrowed the general outline from that 





of a specimen of Professor Asmus, of which a cast may be 
teen in the Brilish Museum ; while the shaded portion rep- 
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resenla the fragment found by Mr. Dick, The iniermaxillai-y 
bones, like the dermal plalcs of the lower jaw, were studded 
by star-like tubercles, and bristled thickly along their iowci 
edges with the ichthyic teeth, flanked by teeth of the reptilian 
character. The opercuica of ihc animal. consisted, as in the 
atiirgeon, of single plaiea (lig. 35) of great tnasaiveness ai d 

thickly lubercled outside, with- 
out trace of joint or suture, and marked 
Iheir under surface by channelled 
lines, that radiate, as in the other 
plates, from the ccnlre of ossifica- 
tion. That space along the nape 
which intervened between Ihe oper- 
cules, was occupied, 09 in the Dtp- iKsEJt sottFAca op opek,- 
feriis and Diploplerus.hy Ihtee plates, 

' ■' "^ , ' lOne flfih nit. size, linMi.) 

which covered rather Ihe anterior 

portion of the body than the posterior portion of the heod, 
and which, in the resioralion of OsleolepU, (fig. 13,) appear 
as the plaiea, 9, 9, 9. 1 can say scarce any thing regarding 
the lateral plates wlitcb lay between the inlennuKillaries and 
the cranial buckler, and which exist in the OsteoJepis, fig. 13, 
as the plates 2, 4, 5, 6, and 7 ; nor do 1 know how Ihe snoul 
terminated, save ihnt in a very imperfect specimen it exhibits, 

in the Diploptents and Osleoiepis, a rounded outline, and 

la set with leeth. 

That space comprised within the arch of the lower jaws, in 
which the hyoid bone and branchiostegoua rays of the osseous 
£shes occur, was filled by a single plate of great size and 
Btrength, and of singular form, (fig. 36 ;) and to lliis plule, es- 
isting as a steep ridge running along the centre of the interior 

rface, and thickening into a massy knob at the anterior ter- 
mination, that nail-shaped organism, which 1 have described 
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43 one of the most characteristic honea of the As xrolepis, 
l>elDnged. Id the Osleolepis, the space corresponding to that 
occupied by thia hyoid plale was filled, as shown in fig. 14, 
by five plalea of not inelegant form ; and the divisions of ihc 
arch resembled those of a small Gothic window, in which 
the single central muUion parts into two branches atop, [q 
'he Holopiychius and Glyplohpis there were but two plaiea ; 
for the central mullion, i. e. line of division, did not branch 
atop ; and in the Asterolepis, whore there was no line of 
division, the strong nail-like bone occupied the place of the 
central mullion. The hyoidal arniiature of the latter fish 
was slrongest in tlie line in which the others were weakest. 
Each of the five hyoid plates of the Osleolepis, or of the two 
plates of the Glyptohpis or Holopiychius^ had its own centre 
of ossification ; and in the single plale of Asterolepis, the 
centre of ossification, as shown by the radiations of the fibre, 
was the nai/-head. This head, placed in immediate con- 
tact with the strong boxes of bone which composed the 
under jaw, just where their central joining occurred, seems to 
have lent them a considerable degree of support, which at 
Boch a juncture may have been not unnecessary. In some of 
the nail-heads, belonging, it is probable, to a different specie.** 
1^ Aiterol^is from that in which the nail figured in page 7 
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and the plate in the opposite page, occurred, — 
form is difierenl, (fig. 37,) — there appear well- 
marked ligameotary impressions closely resem- 
bling that little spongy pit in the bead of the 
human thigh-bone to which what is termed the 
round ligament is attached. The entire hyoid- 
pkte, viewed on its outer side, rcscmhles in Torm 
ihe hyoid-bono, — or carlilage rather, — of the 
apoUed 6og-fish, (ScylHum sleUare ;) but its area 
was at leasl a hundred times more extensive 
than in (he largest Scyllium, and, like all the 
derma! plates of the Aslerolepis, it was thickly 
fretted by the characteristic tubercles. In the 
Eay, as in the Sharks, the piece of thin cartilage 
of which this plate seems the homologuo, is a 
flat, semi-transparent disk ; and thero is no part 
of the aoimal in which the piogreaa of those (Oi 
bony molecules which encrust the inlernal 
framework may be more distinctly (raced, as if in 
creeping over what they cover, in slim threads i 
points, — and much resembling new ice creeping 
evening over the surface of a pool. 

That suite of shoulder-bones that in the osseous fishes 
fomas the belt or frame on which the operciiles rest, and fur- 
nishes the base of the pectorals, was represented in the As- 
lerolepis, as in tlie sturgeon, by a ring of strong osseous plates, 
which, in one of the (wo species of which trace ia to be found 
among the rocks of Thurso, were cuiiously fretted on their 
external surfaces, and in the other species comparatively 
smooth. The largest, or coracoidian plate of the ring, as it 
occurs in the more ornate species, (fig. 38,) might be readily 
enough mistaken, when seen with only its surface exposed. 
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for the ichlhyodorulite of some large fish, allied, mayhap, to 
the Gyracanthus formosus of the Coal Measures; but when 
detached from the stone, the hollow form aud peculiar strise 
of the inferior surface serve to establish its true character as 
a dermal plate. The diagonal furrowings which traversed 
it, OS the twisled fluiings traverse a Gothic column moulded 
after the type of the Apprenlice Pillar \a Rosliti chapel, seem 
to have underlaid the edge of the opereule ; at least I find a 
Eimilar arrangement in the shoulder- plates of a large species 
of Diploplerus, which are deeply grooved and furrowed where 
if with the design of keeping up a 
I the branchiie and the external ele- 
ment, even when the gill-cover was pressed closely down 
upon them. And, — as in these shoulder plates of the Dip- 
lopteras the furrows yield their place beyond the edge of the 
opereule to the punctulated enamel common to the outer 
surface of all the creature's external plates and scales, — we 
find them yielding their place, in the shoulder-piales of the 
Aaterolepis, to the starred tubercles. 

A few detached bones, that bear on their outer surfaces 
the dermal markings, must liave belonged to that angular-' 
shaped portion of the head which intervened belweep the 
.■".ronial buckler and the intermaxillary bone ; but the key 
for assigning to ihem their proper place is sliU to find; and 
1 BUgpec ' that no amoimt of sltill on ihe part of the compa- 
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rative analomist will ever qualify him la complelo tlfb work 

of restoration without it I have suhmiKcd to the reader the 

cranial bucklers of Jive several genera of the ganoids of the 

Old Red Sandstone ; but no amount of study bestowed on 

these would enable even the most skilful ichlhyologisi to 

restore a sixth ; nor is the lateral area of the head, which 

wa'3, I find, variously occupied in each genus, less difiieiih 

to lestorc than the buckler which surmounted it. Two of 

more entire of these dermal bones 1 have figured (lig. 39, 

id i^} in the hope of assisting future inquirers, who, were 

Fig. 39. 




(One tliiid Hat. size, 

they to pick up all the other plates, might yet 
lacking the figured ones, to complete the whole. The 
curiously-Bhaped plate a, represented in its various sides by 
the figures 1, 2, 3, is of an acutGly angular form in the trans- 
B section, (the external surfuce, 1, forming an angle which 
varies from thirty to forty-five degrees with the base, 3 ;) 
as it lay, it is probable when in its original place, 
10' 
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immedR.iely under tlie edge of ihe cranial buckler, ii may 
have served lo commence the line of deflection from the Bat 
top of the head to the steep descent of the sides, just as what 
nre technically termed the spur-slones in a gable-head serve 
e the line of deRection from the vertical outline 
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ingly puzzling, Tha bone a, fig. 
40, which resembles a rib, or bran- 
chiostegouB ray, of one of the or- 
dinary fishes, formed apparently 
part of that osseous atyle which 
in lishcs such as the haddock and 
cod we find attached to the suite 
of shoulder-bonfis, and which, ac- 
cording to Cuvier, is the analogue 
of the coracoidioD bone, and, ac- 
"■ cording to Professor Owen, the ana- 
logue of the clavicle. Fig. 6 is a 
mere fragment, broken at both ends, 
but exhibiting, "in a state of good keeping, lateral expan- 
sions, like those of an ancient halbert. Fig. c, 41, which 
is also a fragment, though a more considerable one, bears 
in its thicker and straighler edge a groove like that of an 
ichthyodf.ru lite, which, however, the bone itself in no 
degree resembles. Fig. d is a flat bone, of a type common 
in the skeleton of fishes, but which, in mammals, we find 
excmplitied in hut the scapulars. It seems, like these, to 
have furnished the base to which some suite of movable 
bones was articulated, — in all likelihood that proportion of 
the carpal bonelets of the pectoral fins which are attached in 
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tlie osseous fishes 1o its apparent honiologue, the radius, 
slim light bone, which narrows and thickens in the c 
nnd flattens and broadens at each end, was probably a s( 
shoulder-blade, — a bone which in most fishes sp/ it 
as a sailor would say, by squamase jointings, to the co 
dian bone at the one end, and the super-scapular bone 
other. As indicated by its size, it must have belonged to a, 
small individual : it is, however, twice as long, and about six 
times as bulky, as the scapula of a large cod. 

Of the bone represented in fig. 43, 1 have determined, from 
Cromarty specimen, the place and use : it formed the inte- 
base to which one of the ventral fins was attached. In 
all fishes the bones of the hinder extremities are inadequately 
represented : in none do we find the peivic arch complete ; 
sod 10 thai nether portion of it which we do find represented, 
and which Professor Owen regards as the honiologue of the 
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ot ischium or hip-bone, the homologues of the 
toc-boncs are attached, to the exclusion of the bonea of the 
thigli and leg. In the Abdominales, — iishes such as the 
salmon and carp, — that hav« the ventrals placed behind the 
abdomen, in the position analogous to that in which (he 
hinder legs of the reptiles and mammals occur, the ischialic 
bones generally exist as Hat triangular plates, with their heads 
either turned inwarfis and downwards, as in the heriing, or 
outiDordi and downwards, as in the pike ; whereas in some of 
the cartilaginous fishes, such as the Rays and Sharks, they 
led cartilaginous band, stretched transversely 
!nlra!. And such, with but an upward di 
Q have been their position in the Aslerolepii 
: united at the narrow neck A, over the 
Er portion of the abdomen ; and lo the 
notches of the flat expansion B, — notches which exactly re- 
semble those of the immensely developed carpal bones of the 
Hay, — five metatarsal bones were attached, from which the 
fin expanded. It is interesting to find the number in this 
ancient representaiive of the vertebrata restricted to five, — a 
number greatly exceeded in most of the existing fishes, but 
which is the true normal number of the vertebrate sub-king- 
dom OS shown in all the higher examples, such as man, the 
quadrumana, and in most of the carnaria. The form of this 
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what resemb'ea ihal of the analogous bone in those 
fishes, such 09 the perch and gurnard, cod and haddock, which 
bave their ventrals suspended to the scapular belt ; but its 
iposition in the Cromariy specimen, and that of the ventrala 
in the various speciraena of the Ccelacanlh family in which 
eir place is still shown, forbids the supposition tliat if was 
suspended, — a circumstance in keeping wiih all the cxist- 
g geological evidence on the subject, which agrees in indi- 
eating, that of the low Ijpe of fishes that have, monster- like, 
'&eirfoet attached to their necks, the Old Red Sandstone does 
i|>ot afford a trace. This inferior type, now by far the most 
Iprevaienl in the ichthyic division of (be animal kingdom, does 
n to have been inlroduceci until near the close of the 
Secondary period, long after the fish had been degraded from 
its primal place in the fore front of creation. In one of my 
specimens a few frngmeiUs of the rays are preserved, (fig. 
43, h.) They aic about the eighth part 

a inch in diametc: depressed in '^' 

internal hollow forraert by the decay of ^^^ 

e cartilaginous cen'.."e, the bony crust " ^^^* 

n < - I I J L J ■ a- Single joint of ray of 

of which they are compcsed had given Thmnback. 

way; and, like the rays of the thorn- b. Siitgle joint of ray of 
' back, they are thickened at the joints, Aiisrolepis. 

«nd at the processes by which they were attached to the ischiatic 
base. It may be proper, 1 should here stale, lliat of some of 
.Ibe internal bones figured above I have no better evidence 
that ihey belonged to the Aslerolepis, than that Ihey occur 
Q the same beds with the dermal plates which bear the char- 
icterislic star-like markings, — that they are of very consid- 
and that Ihey formed no part of the known 
fishes of the formation. 



On exactly the same grounds I infer, thai certain targe cop- 
rolites of common occurrence in the Thurao flagstones, which 
contain the broken scales of Diplerians, and eshibit a curi- 
ously twisted form, (fig. 44,) also belonged to the Asieirolepis ; 

Fig U 
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and from these, that the creature was carnivorous in its hab- 
its, — an inference which the charucter of its teeth fully cor- 
roborates; and farther, that, like the sharks and rays, and 
some of the extinct Enaliosaurs, it possessed the spiral dis- 
position of intestine. Paley, in his chapter on the compensa- 
tory contrivances palpable in the structure of various animals, 
refers to a peculiar subslitulory provision which occure in a 
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sejlain amphibious ftnimal described in llie Memoirs of ilie 
French Academy, " The reader will remember," he says, 
have already observed concerning the inleslinat 
(canal, — (hat its length, so many times exceeding that of ihe 
tody, promotes the extraction of the chyle from the aliment, 
by giving room for the lacteal vessels to acl upon it through 
a greater space. This long inlosiine, whenever it occurs, is 
io other animals disposed in the abdomen from side lo side, 
in reluming folds. But in the animal now under our notice, 
the matter is managed otherwise. The same intention is 
mechanically effectuated, but by a mechaaism of a different 
kind. The animal cf which I speak ia an amphibious 
quadruped, which our authors call tlie Alopecias or sea- 
-fos. The intestine is straight from one end lo tlie other, 
.but in this straight, and consequently short intestine, is a 
winding, cork-screw, spiral passage, tlirough which the food, 
not without several circumvolutions, and, in fact, by a long 
route, is conducted to its exit. Here the shortness of the 
gut is compensaled by the obliquity of the perforation." Tliis 
structure of intestine, which all tlie true Pkcoids possess, 
and at least the Sturiancs among existing Ganoids, seems to 
have been an exceedingly common one during both tlie 
PfllfBOZoic and Secondary periods. It has loft its impress 
, on a!! the belter preserved coprolitos of the Coal Measures, 
,so abundant in the shales of Newhaven and Burdie House, 
.and on those of the Lias and Ctialk. It seems to be equally 
'.a characteristic of well nigh all the bulkier coproliles of the 
Xiower Old Red Sandstone.* la these, however, it manifests 
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to detect the apiral markings, though their state of keeping it 
decidedlj' good. There ore other appe^i'nces which lend ma lo 
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a peculiar Irait, which I have failed to deled in any of ih( 
recent fishes ; nor have I yet seen it indicated, in a1 least the 
same degree, by the Carboniferous or Secondary coprolilic 
remains. In the bowels which moulded the coproliles of 
Lyme-Eegis, of the Chalk, and of the Newhaven and Granlon 
beds, a single screw must have winded within the cylindrical 
tube, as a turnpike stair winds withto its hollow shaft ; and 
such also is the arrangement in the existing Sharks and 
Rays; whereas the bowels which moulded the coprolites of 
the Lower Old Red Sandstone must have been traversed by 
triple or quadruple screws laid closely together, as we find 
the stalk of on old-fashioned wine-glass traversed by its 
thickly-set spiml lines of thread-like china. And so, while 
im the surface of both the Secondary and Carboniferous 
I'oproliles there is space between the screw-like lines for 
numerous cross markings that correspond to the thickly set 
veiny branches which traverse the sides of the recent placoid 
bowel, the entire surface of the Lower Old Red coprolites is 
traversed by the spiral markings. Is there nothing strange in 
the fact, that after the lapse of mayhap millions of years, — 
nay, it is possible, millions of ages, — we should be thus able 
to detect at once general resemblance and special dissimilarity 
in even the most perishable parts of the moat aocient of the 
Ganoids > 

1 must advert, in passing, to a peculiarity exemplified in 
the state of keeping of the bones of this ancient Ganoid, in at 
least the deposites of Orkney and Caithness. The original 
animal matter has been converted into a dark-colored bitumen. 



iuspect that the Asterolepii was not tho only large fiah of the I«wer 
Old Ited Sandatone ; but my facts on the subject are too incoadn^Te 
to juatiiy aught more than Beduloua iuquiry- 



which in some places, where the remaina lie ihick, pervades 
1 crevices of ihe rocks, and. has not unfrequenlly been 
staken for coal. In its more solid slate it can hardty be 
distinguished, when used in sealing a leller, — a purpose 
which it serves indilTerenily well, — from black wax of the 
srdinary quality; when more fluid, it adheres scarce less 
ftrongly to the hands than the coat-tar of our gas-norks and 
I fock-yards. Underneath a specimen of Asierolepis, firsi 
pointed out lo me in its bed among the Thurso rocks by Mr. 
. Dick, and which, ot my request, he afterwards raised and 
me 10 Edinburgh, packed up in a box, there lay a 
quantity of thick tar, which stuck as fust to my fingers, on 
lifting out the pieces of rock, as if I had laid hold of the 
planking of a newly tarred yawl. What had been once the 
serves, mu^icles, and blood of this ancient Ganoid still lay 
.under its bones, nnd reminded me of the appeamnce presented 
iby the remains of a poor suicide, whose solitary grave, dug in 
ty Bandy bank in the north of Scotland, had been laid open by 
>^e encroachments of a river. The skeleton, with pieces of 
;the dress still wrapped round it, lay at length along the sec- 
'lion; and, forafuli yard beneath, the while dry sand wiis 
tonaolidaied info a dark-colored pitchy mass, by the altered 
SEiimal matter which had escaped from il, percolating down- 
wards, in the process of decay. 

In consequence of the curious cheihical change which has 
bus taken place in the animal juices of the AueroJepis, its 
emains often occur in a state of beautiful preservation : the 
■jervadiog bitumen, greatly more conservative in its effects 
an the oils and gums of an old Egyptian undertaker, has 
aintained, in iheir original integrity, every scale, plate, and 
ine. They may have been much broken ere they were 
first committed to the keeping of the rock, or in disentangling 
11 
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theni from ila rigid embrace ; but they have, we Gail, ciiughl 
no harm when under its care. Ere the skeleton of tlie 
Bruce, disinterred a^cr the lapse of five centuries, was 
recoraraitled to the tomb, such measures were taken to secure 
its preservation, that, were it to be again disinlerred, e»en 
after as many more centuries had passed, it might be found 
retaining unbroken its gigantic proportions. There was 
molten pitch poured over the bones, in a slate of sufficient 
fluidity to permeate all the pores, and fill up the central 
hollows, and which, soon hardening around them, formed a 
bituminous matrix, in which they may lie unchanged for.a 
thousand years. Now, exactly such was the process lo 
which nature resorted with these gigantic skelelons of ibe 
Old Red Sandstone. Like the bones of the Bruce, they are 
bones steeped in pitch ; and so thoroughly is every pore and 
hollow still occupied, thai, when cast into the fire, they flame 
like torches. Though black as jet, ihey still retain, too, in a 
considerable degree, the peculiar qualities of the original 
substance. The lato Mr. George Sanderson of Edinburgh, 
one of the most ingenious lapidaries in the kingdom, and a 
thoroughly inlelligent man, nnade several preparations for me, 
for microscopic examination, from the teeth and bones; and 
though they were by far the oldest vertebrate remains he had 
ever seen, they exhibited, he informed me, in the working, 
more of the characteristics of recent teeth and hone than any 
other fossils he had ever operated upon. Recent booe, 
when in the course of being reduced on the wheel lo the 
degree of thinness necessary lo secure transparency, is opt, 
under the heal induced by the friction, lo acquire a springv 
elasiicity, and to start up from the glass slip to which tl has 
been cemented ; whereas bone in the fossil state usually 
lies as passive, in such circumstances, as the stone which en- 
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felojies it. Mr. Sanderson was, however, aurprised lo find 
t the bone of the Asterolepig still retained its elaslioily, 
scarce less liable, when healed, to start from iho 
a peculiarity through which ho at first lost spvcral 
ceparations. 1 have seen a human hone that had for ages 
I partially emhedded in a mass of ndipocere, partially 
lenveloped in the common mould of a churchyard, exhibit 
•iwo very different styles of keeping. In the udipocere it was 
s fresh and green as if it had been divested of the inlcgit- 
laents only a few weeks previous ; whereas the portion which 
projected into the mould had become brittle and porous, and 
d the ordinary appearance of an old churchyard bone. 
And what the adipocere had done for the human hone in this 
seems to have been done for the hones of the Astero- 
s by the animal bitumen. 
The size of the Asterolepis must, in the larger specimens, 
!n very great. In all those ganoidal fishes of tJie 
Old Red Sandstone that had the head covered with osseous 
plates, we find that the cranial buckler bore n certain defi- 
nite proportion, — various in the several genera and species, 
the length of the body. The drawing- master still 
tenches his pupils lo regulate the proportions of the human 
figure by the seven head-lengths which it contains ; and 
JMirhaps shows them iiow an otherwise meritorious drafts- 
man,' much employed half an age ago in drawing for the 
wood-engraver, used to render his figures squat and ungracC' 
iful by making them a head loo short. Now, those ancient Ga- 
.fioids which possessed a cranial buckler may, we find, be also 
Ineasured by head-lengths. Thus, in the Coccosleus decipiens, 
^be length of the cranial buckler from nape lo snout equalled 

• Tbo late Mr. John Thuraton. 
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one lifih the entire length of the creature from snout ti 
tail. Tl.e entire lengtli of the Gli/ptolepia was equal to 
about five one half times that of its craniat buckler. Tbe 
Flerichlhys was formed in nearly ihe some proportions. The 
Diploplervs was fully seven times the length of its buckler j 
and the OsUolepis from six and a. half to seven. In all ihc 
cranial bucklers of the Asterolepis yet found, the snout is 
wanting. The very fine specimen figured in page 99 (fig. 
28) lerniinates abruptly at the little plate between the eyes; 
the specimen figured in page 98 (fig. 27) terminates at th« 
upper line of the eye. The terminal portion which formed 
the snout is waoting in both, and we thus lack the measure, 
or module, as the architect might say, by which the propor. 
tiona of the rest of the creature were regulated. We can, 
however, very nearly approximate to it, A hyoid plate in 
my collection (fig. 45) is, I find, so exactly proportioned in 
jize to the cranial buckler, (fig. 28,) that it might have be- 

Fig. 45. 




■ The ehadEd plate, [a,) accidentally presented in this Bpocinira, 
belongs to the upper part of the liead. It is the posterior frontal 
plate F, which half- encircled the eye orbit, (aeo Hg. 29 ;) and I have 
introduced it into the print here, aa in none of (he other piinte, or of 
my other spccin ens, is its upper suriaee shown. 




longed to tbe same individual ; and by filling il in its proper 
place, and ihen making the necessary allowonce for llie 
Breadth of the nether jaw, which swept twa tliirdg around 
it, and was surmounled by the sDout, wc ascertain lliai tiic 
buckler, when entire, must have teen, as nearly as may be, a 
Todl in length. If the Aslerolrjiia was formed in the propor- 
tions of the Corcoj/eus, the buckler {fig. 28) must have be- 
longed to an individual five feet in length; if in the propor- 
tions of the Pterichl/ips or Glyptolepis, to an individual five? 
and a lialf feel in length ; and if in those of the Diplopleria 
or OfteoUpU, to an individual of from six and a half lo seven 
feet in length. Now I find that the hyoid plate can be in- 
scribed — such is its form — in a semicircle, of which the 
nail-shaped lidge in the middle (if we strike off a minute 
portion of the Bharp point, usually wanting in detached speci- 
mens) forms very nearly the radius, and of which the diame- 
ter equals the breadth of (he cranial buckler, along a line 
drawn across at a distance from tiie nape, equal to two thirds 
of the distance between the nape and the eyes. Thus, the 
largest diameter of a hyoid plate which belonged to o. cranial 
buckler a fool in length is, I find, equal to seven one quarter 
inches, while the length of its nape somewhat escceds three five 
eighth inches. The nail of the Stromness specimen measures 
five and a half inchoB, It must have run along a hyoid plate 
eleven inches in transverse breadth, and have been associated 
with a cranial buckler eighteen one eighth inches in length; 
and the Ailerolepis to which it belonged must have measured 
from snout to tail, if formed, aa it probably was, in the pro- 
portions of its brother Ccelacanih the Glyptolr.pis, eight feel 
three inches ; and if in those of the Diplopleiiis, from nine 
feet nine to ten feet six iaiibes. This oldest of Scottish fish 
11" 
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— tliis earliest-born of the Ganoids yet known •— was al lenat 
□a bulky as a large porpoise. 

It was small, however, compared with specimeiia of this 
Aslcrolepis found elsewhere. The hyoid plate figured in 
page 110, (fig. 36,) — a ThuJao specimen which I owe to the 
kindness of Mr, Dick, — measures nearly fourteen inches, and 
the cranial buckler of ihs same individual, fifteen one fourth 
inches, in breadth. The latter, when entire, must have 
measured twenty-three one half inches in length ; and the fish 
to which it belonged, if formed in the proportions of ihe 
Glyptolepis, ten feet six inches ; and if in those of the Dip- 
loptents, from twelve feet five lo thirteen feet eight inches in 
length. Did Ihe shield still exist in its original state as a 
buckler of lough, enamel-crusted bone, it might be converted 
into a Highland target, nearly broad enough to cover ihe am- 
ple chest of a Rob Koy or Allan M'Aulay, arid strong enough 
to dash aside the keenest broadsword. Another hyoid plate 
found by Mr. Dick measures si.itceQ one half inches in 
breadth ; and a cast in the British Museum, from one of ihe 
Bussiao specimens of Professor Asmus, (fig. 4fi,) twenty-four 
inches. The individual to which this last plate belonged must, 
if built in the shorter proportions, have measured eighteen, 
and if in the longer, twenty-three feet in length. The two 
hyoid plates of the specimen of Hohptyehius in the British 
Museum measure but four and a half inches along that trans- 
verse line in which the Eussian Aslerolepis measures Iwo 
feel, and the largest Thurso specimen sixteen inches and a half. 
The maxillary bone of a cod-fish two and a half feet from 
snout lo tail measures three inches in length. One of the Rus- 
sian maxillr.ry bones in Ihe possession of Professor Asmus 
measures ir 'ength twenty-eight inches. And that space cir- 
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ejmsi. ribed by the sweep of tho lower jaw which it look, in 
(he R isaian specimen, a liyoid plate iweniy-foiir inches in 
breadth to fill, could be filled in the iwo-and-a-half-feel cod 
by a plate whose breadth equalled but an inch and a half. 
Thus, in the not unimportant circumstance of size, the most 
ancient Ganoids yet known, inslead of taking their places, 
agreeably to the demands of the development hypoihesis, 
among the sprats, sticklebacks, and minnows of their class, 
took their place among its huge basking sharks, gigantic stur- 
'geona, and bulky sword-fishes. They weregiants, not dwarfs. 
But what of their organization ? Were they fishes low or 
!high in the scale ? On this head we can, of course, determine 
merely by the analogies which their structure exhibits to 
that of fishes of the e.visting period ; and these point in three 
several directions ; — in two of the oumber, directly on generu 
of the h!gh Ganoid order ; and in the third, on the Biill higher 
PlacoidBand Enaliosaurs. No trace of vertehne has yet been 
found ; and so wc infer — lodging, however, a precautionary 
nrolest, as the evidence is purely negative, and therefore in 
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i degree inconclusive — that the vertebral column of the 
Asterolepis was, like that of the sturgeon, cartilaginous. 
Respecting its external covering, we positively know, as has 
been already shown, that, like iheLepidosleus of America and 
the Polyptervs of the Nile, it was composed of strong plates 
and scales of solid bone ; and, regarding its dentition, that, aa 
a these last genera, and even more decidedly than in these, 
I was of the mixed ichthyic-reptilian character, — an outer 
ow of thickly-set fish-teeth being backed by an inner row of 
thinly-set reptile-teeth. And its form of coprolite indicalea 
: spiral dispjsition of intestine common to the Rays and 
Sharks of the existing period, and of the Ichthyosaviri of the 
Secondary ages. Instead of being, as the development hypo- 
thesis would require, a Ush low in its organization, it seems to 
have ranged on the level of the highest ichthyic-reptilian 
lainilifis ever called into avlstence. Hud un intelligent being, 
ignorant of what was going on upon earth during the week 
of creation, visited Eden on the morning of the sixth day, he 
would have found in it many of the inferior animuls, but no 
trace of man. Had he returned again in the evening, he 
would have seen, installed in the office of keepers of the 
garden, and ruling with no tyrant sway as the humble 
nnonarohs of its brute inhabitants, two mature human crea- 
tures, perfect in their organization, and arrived at the full 
stature of their race. The entire evidence regarding them, in 
the absence of all such information as that imparted to Adam 
by Milton's angel, would amount simply to this, that in the 
morning man was no', and that in the evening he tfioj. There, 
of course, could not exisi, in the clrcums lances, a single ap- 
pearance to sanction the belief that the two human creatures 
whom he saw walking together among the trees at sunset had 
been " developed from infusorial points," not created mature. 
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The evidenc3 would, on the contrary, lie all the other way. 
And in no degree does the geologic testimony respecting the 
earliest Ganoids difier from what, in the supposed case, would 
be the testimony of Eden regarding the earliest men. Up to 
1 certain point in the geologic scale we find that the Ganoids 
zre not ; and when they at length make their appearance 
upon the stage, they enter large in their stature and high in 
their organisation. 
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FISHES OF THE SILURIAN ROCKS — UPPER AND LOWER. 

THEIR RECEWT HISTORY, ORDEB, AMD SIZE. 



But the system of the Old Red Sandstone represents the 
geeond, not the Jirat, great period of the world's hiatory. 
There was a preceding period at, least equally extended, per- 
haps greatly more so, represented by the Upper and Lower 
Silurian formations. And what is the testimony of this morn- 
ing period of organic existence, in which, so far as can yet 
be shown, vitaliiy, in the planet which man inhabits, and of 
whose history or prodoctiona he knows any thing, was first as- 
sociated with matter .' May not the development hypothesis 
find a standing in the system representative of this earlical 
age of creation, which it fails to find in the system of the Old 
Hed Sandstone ? 

It has been confidently asserted, not merely that it way, 
but that it does. Ever since the publication, in 1839, of Sir 
Boderick Murchison'a great work on the Silurian System, it 
had been known that the remains of fishes occur in a bed of 
the " Ludtow Rock," — one of the most modern deposits of 
the Upper Silurian division ; and subsequent discoveries, 
bcth in England and America, had shown that even the base 
of this division has ire ichthyic organisms. But for year 
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after year, the lower half of tlie syslem, — o division more 
than three thotisuiid feel in thickness, — had failed, though 
there were hands and eye^ busy among its deposits, to yield 
any verlebrate remains. During the earlier half of the firsl 
great period of organic existence, though the polyparia, ru 
diata, articulata, and mollusca, existed, as their remains tes- 
tified, by myriads, fish had, it was held, not yet entered upon 
the sceoe ; and the aaserlors of the development theory 
founded largely on the presumed fact of their absence. • If 
is slill customary," says the author of the " Vestiges of Crea- 
tion," ia his volume of " Explanations," " to speak of the 
earliest fauna as one of an elevated kind. When rigidly 
examined, it is not found to be so. In tre first place, it 
CONTAINS NO FISH. There were seas supporting crustacean 
and molluBcan life, but vlterly devoid of a class of tenants who 
seem able lo lii:e in every example of thai element vihiehsupporli 
meaner creatures. This single fact, that only invertebrated 
animals now lived, is surely in itself a strong proof that, in 
the course of nature, lime waa necessary for the creation of 
the superior creatures. And if so, it undoubtedly is a power- 
ful evidence of such a theory of development as that which 
I have presented. If not, let me hear an equally plausible 
reason for the great and amazing fact, that seas were for 
numberless ages destitute of fish. I Ex my opponents down 
to the consideration of this fact, so that no diversion respect- 
ing high molluscs shall avail ihem." And how is this bold 
challenge to be met ? 

Most directly, and after a fashion ihai at once discomfits 
the challenger. 

It might be rationally enough argued in the case, that the 
author of the "Vestiges" was building greatly more on a 
piece of purely nsgative evidence, — the presumed absence 
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offish from the Lower Silurian formations, — Ihao purely tii 
ative evidence is, from i[9 nature as such, suited to bear ; that 
only a very few years had passed since it was known that ver- 
lebr&tc remains occurred in the Tipper Silurian, and only a few 
more since they had been detected in the Old Kcd Sandstone ; 
nay, that within the present century their frequent occur- 
rence in even the Coal Measures was scarce suspected ; and 
that, as his argument, had it been founded twelve years ago 
on the supposed absence of fishes from the Upper Silurian, 
or twenty years ago on the supposed absence of fishes from 
the Old Bed Sandstone, would have been quite as plausible 
in reference to its negative data then as in reference to ita 
negative data now, so it might now be quite as erroneous as it 
assuredly would have been then. Or it might be urged, that 
the fact of the absence of fish from the Lower Silurians, even 
were it really a fact, would be in no degree lesa reconcilable 
with the theory of creation by direct act, than with the hypoth- 
esis of gradual development. The fact that Adam did not 
exist during the first, second, third, fourth, and fif\h days of 
the introductory week of Scripture narrative, furnishes no 
argument whatever against the fact of his creation on the 
sixth day. And the remark would of course equally apply lo 
the non-existence of fishes during the Lower Silurian period, 
had they been really non-e.\istent at the time, and to their 
sudden appearance in that of the Upper. But the objec- 
tion admits of a greatly more conclusive answer. " I fix ray 
opponents down," says the author of the "Vestiges," "to 
the consideration of this fact," i. e. that of tlie absence of 
fishes from the earliest fossiliferous formations. And I, in 
turn, fix you down, I reply, lo the consideration of the 
antagonist fact, not negative, but positive, and now, in the 
course of geological discovery, fully established, that fibbes 
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a!)senl rroin the earliest fossiliferous formations 
From none of the great geological formations wore fishes ab- 
— not even from the formations of the Cambrian divis- 
" The Lower Silurian," aays Sir Roderick Murchiaoii, in 
a communication with which, in 1847, he honored the writer 
. of these chapters, " is no longer to be viewed as an inverie- 
, brate period ; for the Onckus (species not yet decided) has 
n the Llandeilo Flags and in the Lower Silurian 
, rocks of Bala. In one respect 1 om gratified by the discovery ; 
for the form is so very like that of the Onckus Murchitoni of 
the Upper Ludlow rock, ihal it is clear the Silurian system is 
il-hislory series, as is proved, indeed, hy all its 
mains." It may be mentioned further, in ad- 
dition to this ioterestiug statement, that the Bula spine was 
detected in its calcareous matrix by the geologists of the Gov- 
ernm«at Survey, aad described to Sir Roderick as ihat of an 
Onehw., by a very competent authority in such matters, — 
Professor Edward Forbes ; and that the annunciation of the 
aistence of spines of fishes in the Llandeilo Flags we owe to 
ne of the most cautious and practised geologists of the pres- 
tnt age, — Professor Sedgwick of Cambridge. 

So much for the fact of the existence of vertebrata in ihe 
Lower Silurian formations, and the argument founded on ihcir 
presumed absence. Let me now refer — their presence being 
determined — to the tests of size and organization. Were 
these Silurian fishes of a bulk so inconsiderable as in any de- 
n the belief thai they had been developed shortly 
before from microscopic points ? Or were they of a structure 
tnder it probable tliat their deveiopment was at 
the time incomplete ? Were they, in other words, the embryos 
and ftBtuses of their class! or did they, on the contrary, rank 
with the higher and larger fishes of the present time ? 
IS 



Il ia of importance that not only ihe direct bearing, but 
also the actual amount, of the evidence in this case, should be 
fairly stated. So far ns it extends, the testimony is clear; 
but it does not extend far. All the vertebrate remains 
yet delecletl in the Sillirian System, if we except the de- 
bris of the Upper Ludlow hone-bed, might he sent through 
ihe Post-Office in a box scarcely twice the size of a copy 
of the " Vestiges." The naturalist of an exploring party, 
who, in crossing Bome unknown lake, had looked down 
over the side of his canoe, and seen a few fish gliding 
through the obscure depths of the water, would be but 
indifferently qualified, from what he had witnessed, to write 
a history of all its fish. Nor, were the some six or eight 
individuals of which he had caught a glimpse to be of 
small size, would it be legitimate for him to infer that only 
Hmall-sized fish lived in the lake ; though, were there to be 
some two or three large ones among them, he might safely 
affirm the contrary. Now, the evidence regarding the fishes 
of the Silurian formation very much resembles what that 
of the naturalist Would be, in the supposed case, regarding 
the fishes of the unexplored lake ; with, however, this dif- 
ference, that as the deposits of the ancient system in which 
they occur have been examined for years in various parts of 
the world, and all its characteristic organisms, save the 
ichthyic ones, found in great abundance and fine keeping, 
we may conclude that the fish of the period were compara- 
tively few. The palffiontologisi, so fir as the question of 
number is involved, is in the circumstances, not of tlie natu- 
ralist who has only once crossed the unknown lake, but of 
the angler wlio, day after day, casts his line into some inland 
sea abounding in shell-fish and Crustacea, and, afier the lapse 
of months, can scarce detect a nibble, and, after the [apse of 
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reckon up all the lish wliicli he has cniiglil as con- 
wderably uuder n score. The existence of this great division 
of ilie animal kingdom, like that of the earlier reptiles during 
the Carboniferous period, did not form a promiDent char- 
istic of those ages of the earth's history in whicii ihey 

le earliest discovered vertebral remains of the system — 
of [he Upper Ludlow rock — were found in digging the 
foundations of a house at Ludford, on the confines of Shrop- 
shire, and submitted, in 1838, by Sir Roderick Murchison to 
Agassiz, through the late Dr. Malcolmson of Madras, I 
used at the time to correspond on geological subjects with 
Dr. Malcolmson, — an accomplished geologist and a good 
man, loo early lost to science and his friends, — and still re- 
tnember the interest which attached on this occasion to Ilia 
cominuiiicatioii bearing the Paris post-mark, from which I 
learned for the first time that there existed ichthyic fragments 
tly older tlian even the ichthyolites of the Lower Old 
Sed Sandstone, and which made me acquainted with Agas- 
Hz's earliest formed decision regarding them. Though ex- 
isting in an exceedingly fragmentary condition, — for the 
materials of the thin dark-colored layer in which they had 
laio seemed as if they had been triturated in a mortar, — 
the ichthyologist succeeded in erecting them into al.x genera; 
though it may be very .possible, — as some of these were 
formed for the reception of detached spines, and others for 
the reception of detached teeth, — that, as in the case of 
Dipteras and Asterolepis^ the fragments of but a single 
genus tnay have been multiplied into two genera or more 
And minute scale-like markings, which mingled with the gen- 
eral mass, and were at first regarded as the impressions of 
rsal scales, Itave been since recognized as of the same char- 
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HCler with ihe scale-like markinga of ihe Seraplihn of Fo 
shire, a huge crustacean. Even adiiiitling, however, tliai n 
set of teeth oiid spines, with perh;ips the shagreen poiDts 
represcDteiJ in page 54, fig. 2, b, in addition, may hiive all 
belonged lo but a single species of fish, there si 
lerials enough, among the remains found, for the erection of 
two species more. And we have evidence that at letist two 
of the three kinds were fishca of ihe Placoid order, (Onc/ius 
MuTchisoai and Onckus tenuiatriatus,) and — as the sup- 
posed scales must be given up — no good evidence that the 
other kind was not. The ichihjic remains of the Silurian 
System next discovered were first introduced to the notice of 
geologists by Professor Phillips, at the meeting of the British 
Association in 1842.* They occurred, he stated, in a quarry 
near Hales End, at the base of ihe Upper Ludlow rock, ii» 



■ "Mr. Phillips proceeded to describe anrae remains of a BmaU 
&dh, resembling tbe Cheiracanthuj oC tiie Old lied Sandstone, scales 
nnd spines of wbich he had found in a quany at Utiles End, on 
the western side of the MalvcmB. The flection presented beds of 
the Old Red Sandstone inclined to the west ; beneath these were 
HrDnDCGOUB beds of a lighter color, fonning the junction with Stlurinn 
shales ; these, again, passing on to calcareous beds in the lower pMrt 
of the quarry, containing the enrals nnd shells of the Aymestry 
Limestone, of thdr agreement with which stronger evidence might 
be obtained elsewhere. He had found none of these scnlea in 
the junction beds or in the Upper Ludlow Shales ; but about sixty 
or one hundred ti^et lower, just above the Ajmeatry Limestone, his 
atleution had been attracted to discolored spots on the aur/aea of the 
beds, which, upon microscopic examination, proved to be the minute 
scales and spines before mentioned. These remiuns were only 
apparent on the surface, whilst the ' fish-bed ' of the Upper Lud- 
low rock, 09 i' usually occurred, was an inch thich, coosisting of in- 
numcroble small teelb nnd spines." — Reporl, in " Athcnfcura " Jdr 
IB42, of Ihe Proceedings of the Tvtelfih Meeliai^ of Briliah AModation, 
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medialely over ihe Aymeatry Limestone, and were so ex- 
ceedingly diminutive, that they appeared lo the naked eye 
as mere discolored spots; but resolved under the mir.ro- 
scoDS Into scattered groupes of minute spines, like those of 
ihe Cheiracanlhui, with what seemed to be still more minute 
scales, or, perhaps, — whitt in such circumstances could scarce 
be distinguished from scales, — shagreen points of the scale- 
like type. The next ichihyic organism delected in the Silu- 
rian rocks occurred in the Wenlock Limestone, a considi'r- 
nbly lower and older dfiposit, and was first described in the 
"Edinburgh Review" for 1845 by a vigorous writer and 
maaterly geologist, (generally understood to bo Professor 
I Sedgwick of Cambridge,) as " a characteristic portion of a 
Gsli undoubtedly belonging lo llie Cestraciont family of iho 
Pliicoid order." In the " American Journal of Science" fur 
1846, ProfesBOC Silliman figured, from a work of the Slates' 
Surveyors, the defensive spine of a Plocoid found in the 
Onondago Limestone of New York, — a rock wliich occurs 
near the base of the Upper Silurian System, as developed in 
tbe western world ; • and in the same passage he made rtf- 
erenco lo a mutilated spine detected in a still lower American 
_. deposit, — the Oriskany Sandstone, In the Geological 
- Juuroal for 1847, it was announced by Professor Sedgwick, 



'■TIuE is the lowest position" (tlutt of the Onondaga IJntc- 
«one) '■ in tte State of New York in which unjr temniiia have 
been found higher in tha scale of OrgnnLjed beings than Criatacua, 
witli the eiceptinn of an imperfectly preserved fish-lwne discovered 
by Hall in the Oriskaoy SandaCans. That Hpecimen. together with 
the dafenaiTe fish-bone found in this part of the New Y-'rk system, 
furnishes evidences of the existence of animals belonging to the 
class verUbraia during the deposition of the middle part of the 
protDzoio atrata." — American Journal of Science and Arlt /or 18-111, 
p. 63. 
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that he had found " dt- 
FUh, 1838, /""'^^''//sAes" inthe 
Murchisdn!) Upper LJandeilo Flags, 
(rhi'llipa.)' ""'^ ^y ^" Roderick 
Murchisouithal the " de- 
fence of an Oitchus" had 
h 1W5 ^^^^ delected by the 
(Sedgwiek.) cieoloffists of the Gov- 

:h, 1846, '' " 

illinian.) ernment survey, m ihe 

:h, 1S47. Limestone near Bala. 
(Phillipa,) 

Sir Roderick referred in 
the same number to tiw 
remains of a fish found 
by Professor PhiilipB la 
the Wenlock Shale. And 

Fish, 1847, such, up to Ihe pres- 
ent time, is the actual 
amount of the evideDce 
with which we have to 
deal, and the dates of 
ila piecemeal production. 
Lei us ne:<t consider the 
order of its occurrence 

Fi5h, .1847, in the geologic scale. 

Snvcrnment The heller marked 

'""^''■' auh-diviaions of the Si- 

lurian System, as de- 
Ec^-ibed in the great 
Fucoidi, work specially devoted 
10 it, may be regarded as 
seven in number. An 
eighth has since been 



adJfi], by ihe transference of the Tilestoncs from ihe lowei 
part of ihe Old Red Sandstone group, lo the upper par! of iho 
Silurian group underneath; but in order ihe better lo show 
how ichlhyi; discovery has in its slow course penetraleiJ inlo 
the deplhs, I shall retain the divisions recognized aa those of 
the system when ihat course began. The highest or most 
modern Silurian deposit, then, (No. 1 of the occDrnpanyinj; 
diagram,) is the Upper Ludlow Rock ; and it is in the superior 
strata of this division that the bone-bed discovered in 1838 
occurs; while the exceedingly minute vertebrate remains 
described by Professor Phillips in 1842 occur in its base. 
The division nest in the descending order is the Aymeslry 
Limestone, (No, 2 ;) the next (No. 3) the Lower Ludlow 
Kick ; then (No. 4) the Wenlock or Dudley Limestone occurs ; 
»nd then, last and oldest deposit of the Upper Silurian formii- 
lion, Ihe Wenloek shale, (No. 5.) Il is in the fourth, or Wen- 
lock Limestone division, that the defensive spine described in 
Ihe " Edinburgh Review" for 1845 as ihe oldest vertebrate 
organism known at tlie time, was found;* while the verte- 
brate organism found by Professor Phillips belongs to the fifih, 
or buae deposil of the Upper Silurian. Further, the American 
spines of Onondago and Oriskany, described in 1846, occurred 
in rocks deemed contemporary with those of the VVenlock 
division. We next cross the line which separates the base of 
the Upper from the top of the Lower Silurian deposits, and 
iind n great arenaceous formation, (No. 6,) known as the 
C'aradoc Sandstones; while the Llandeilo Flags, (No. 7,} tho 
ibrnialion upon which the sandstones rest, compose, according 
tc (ho sections of Sir Roderick, published in 1S39, the lowest 



•"The»halesa/tem«wj with the Wen! >;k Umestono." (Biiniu/yA 
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deposit of the Lower Siluriem rocks. And it is in the upper 
part of this lowest member of the system that the ichthyic 
defences, announced in 1847 by Professor Sedgwick, occur. 
Vertebrate remains have now been detected in the same 
relative position in the seventh and most ancient member of the 
system, that they were found to occupy in its^r** and most 
modern member ten years ago. But this is not all. Beneath 
the Lower Silurian division there occur vast fossiliferous 
deposits, to which the name ^^ Cambrian System '* was given, 
merely provisionally, by Sir Roderick, but which Professor 
Sedgwick still retains as representative of a distinct geolc^ic 
period ; and it is in these, greatly below the Lower Silurian 
base line, as drawn in 1839, that the Bala Limestones 
occur. The Plynlimmon rocks (a) — a series of conglom- 
erate, grauwacke, and slate beds, several thousand yards in 
thickness — intervene between the Llandeilo Flags and the 
Limestones of Bala, (6.) And, of consequence, the defensive 
spine of the Onchus^ announced in 1847 as detected in these 
limestones by the geolc^ists of the Government Survey, must 
have formed part of a fish that perished many ages ere the 
^ oldest of the Lower Silurian formations began to bo de- 
posited. 

Let us now, after this survey of both the amount of our 
materials, and the order and time of their occurrence, pass on 
to the question of size, as already stated. Did the ichthyic 
remains of the Silurian System, hitherto examined and 
described, belong to large or to small fishes ? The question 
cannot be altogether so conclusively answered as in 4]be case 
of those Ganoids of the Lower Old Red Sandstone whose 
dermal skeletons indicate their original dimensions and form. 
In fishes of the Placoid order, such as the Sharks and Rays, 
"lie dermal skeleton is greatly less continuous and persistent 



Iiiin in 911 11 Ganoids as tlie DipteriansandCcElocanths; and 
when iheir remains cKcur in the fossil slate, we can reason, in 
most instances, regar^iiiig ihe bulk of the tndividuals of ulilch 
they formed part, merely from that of det&ched teeth or spines, 
whose proportion to the entire size of the animals that bore 
them cannot be strictly determined. We can, indeed, do little 
e than infer, that though a Inrge Flacoid may have beon 
armed with but small spines or teeth, a small Flacoid could 
it have borne very large ones. And to this Placoid orderall 
Ihe Silurian fish, from ilie Aymestry Limestone to the Cum- 
n deposils of Bala inclusive, miequivocally belong. Nor, 
las been already eaid, is iliere sufiicient evidence to show 
that any of the ichihyic remains of the Upper Ludlow rocks 
'I belong to it. It is peculiarly the order of the system. 
The Ludlow bone-bed conluiiis not only defensive spines, but 
b!so teeth, frugmenls of jaws, and shagreen points; whereas, 
a all ibe inferior deposits which yield any trace of the ver- 
(ebrata, the remains are those of defensive spines e,\cluBively. 
Let us, then, take the defensive spine as the part on which to 
found our comparison. 

One of the best marked Plncoids of the Upper Ludlow 
bone-bed is that Onckus Murekisoni to which the disiinguisbed 
geologist - whose name it bears refers, in his communication, 
wly resembling the oldest PIncoid yet known, — that 
of the Bala Limestone. And the living fishes with which ihe 
Onchua Murekisoni must be compared, says Agassiz, though 
" the affinity," he adds, " may he rather distant," are those 
of the ggnera " Ceslracion, Centrina, and Spinox.'"'' I have 
placed before me a specimen of recent Spinox, of a species 
well known to all my readers on the sea-coast, the Spinoj: 
Acanthiaa, or common dog-fish, so little & favorite with our 
fishermen. It measures exactly (wo feet three inches in 
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length; ana of the defeosive spines of its [wo doT3iil<i, — 
these spear-I'iKe thorns on the creature^s bock immedialelv in 
advance of the fins, which so frequently wound the fisher's 
hand, — the onlerior and smaller measures, from base to 
point, an inch and a half, and the posterior and larger, two 
inches, I have also placed before me a specimen of CeMra- 
don Phillippi, (the Port Jackson Shark,) a fish now recog- 
nized as the truest existing analogue of the Silurian Placoids. 
It measures twenty-two ihree fourth inches in length, and is 
furnished, like ^inax, with two dorsal spines, of which the 
anterior and larger measures from base to point one one half 
inch, and the posterior and smaller, one one fifth inch. But 
the defensive spine of the Onehus Murekisoni, as exhibited 
in one of the Ludlow specimens, measures, though mutilated 
at both ends, three inches and five eighth parts in length. 
Even though existing but as a fragmcnl, it is as such nearly 
twice the length of the largest spine of the dog-fish, unmuti- 
lated and entire, and considerably inore than twice the length 
of the largest spine of l!ie Port Jackson Shark. The spines 
detected by Professor Phillips, in an inferior stratum of the 
same upper deposit, were, as has been shown, of microscopic 
minuteness ; and when they seemed to rest on the extreme 
horizon of ichthyic existence as the most ancient remains of 
their kind, the author of the " Vestiges " availed himself of the 
fact. He regarded the little crealul^s to which they had 
belonged as the fiEtal embryos of iheir class, or — lo employ 
the language of the Edinburgh Reviewer — as " the tokens 
of Nature's first and half-abortive efforts to make fish out of 
the lower animals." From the latter editions of his work, 
the paragraph to which the Reviewer refers has, I find, been 
expunged; foe the horizon has greatly extended, and what 
seemed lo be its line of extreme distance has travelled into the 
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mthias. Representing one of the massier fishes 
disporting amid the some four or five small ones, of which 
1 my illustration, the naturalist catches a glimpse in ford- 
ing ihe nnlinowD lake, it at least serves to show that all the 
!■ ichihyolites must not be described as small, seeing 
that not only might many of its undetected fish have been 
large, hut that some of those which kaee been deiecied were 
actually so. Another American spine, of nearly the same 
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formation, — fv it occufs in a limestone, varying from twenty 
to siivt'nty feet in ihicltnesa, which immediately overlies that 
of the Onondogo deposit, though still more fragmentary than 
the first, for its length is only two three eighth iaches, — 
maintains throughout a nearly equal thickness, — a circum- 
stance in itself indicative of considerable size ; and in posi- 
tive bulk it almost rivals the Onondago one. Of the Lower 
Silurian and Bala fishes no descriptions or figures have yet 
appeared. And such, up to the present lime, is the testi- 
mony derived from this de|)arlment of Geology, so far us I 
have been able to determine it, regarding the size of the an- 
cient Silurian vertebrala. " No organism," says Professor 
Okcn, " is, nor ever has one been, created, which is not mi- 
croscopic." The Professor's pupils and abettors, the assert- 
ors of the development hypothesis, appeal to the geological 
evidence as altogether on Iheir side in the case ; and straight- 
way a few witnesses enter court. But, lo ! among the ex- 
pected dwarfs, there appear individuals of more iban the 
average bulk and stature. 

Still, however, the question of organization remains. Did 
these ancient Placoid fishes stand high or low in the scale ? 
According to the poet, " What can we reason but from what 
we know ? " We are acqtiaioted with the Placoid fishes of 
the present time ; and from these only, taking analogy as our 
guide, can we form any judgment regarding the rank and 
standing of their predecessors, the Placoids of the geologic 
periods. But the consideration of this question, as it ts 
specially one on which the later assertors of the develop- 
ment hypothesis concentrate themselves, I must, to secure the 
space necessary for its discussion, defer till my ne.it chapter. 
Meanwhile, I am conscious I owe an apology to the reader for 
what he must deem tedious minuteness of description, and a 



loo prolix amplitude of stalement. It is only by rcprcscnlJnj^ 
things as Ihey aclually are, and in the Irue order of their 
occurrence, that the effect of the partially selected facts nnd 
exaggerated descriptions of the Lamarckian can be adequate- 
ly itiel. True, the disadvantages of the more sober mode are 
unavoidably great. He who feels himacif at hberly lo arrange 
his collected shells, corals, and fish-bones, into arlisticolly de- 
■igned figures, and to select only the prelly ones, will be of 
course able to make of them a much liner show than he who 
h necessitated to represent them in the order and numerical 
proportions in which they occur on some pebbly beach washed 
by the sea. And such is the advantage, in a literary point of 
»iew, of the ingenious theorist, who, in making figures of his 
geological facts, takes no more of them than suits his purpose, 
over ihe man who has to communicate the facts as he finds 
Ihem. But the homelier mode U Ihe true one. " Could we 
oblaio," says a distinguished metaphysician," a distinct and full 
bislory of all that has passed in the mind of a child, from the 
beginning of life and sensation till it grows up lo the use of 
leasoD, — how its infant faculties began to work, and how 
ihey brought forth and ripened all the various notions, opin- 
.ions, and sentiments which we find in ourselves when we 
'Bome to be capable of reflection, — this would be a treasure 
iof natural history which would probably give more hghi into 
rflie human faculties than all the systems of philosophers about 
4hem since the beginning of the world. But it is in vain," he 
iftdds, " to wish for what nature has not put within the reach 
'of our power." In like manner, could we obtain, it may be 
remarked, a full and distinct account of a single class of the 
nnimal kingdom, from its first appearance till the present 
time, " this would be a treasure of natural history which would 
east more light " on the origin of liv 
13 
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true economy of creation, than all the theories of all the phi- 
losophers ^^ since the beginning of the world.'' And in order 
to approximate to such a history as nearly as possible, — and 
it does seem possible to approximate near enough to 
substantiate the true readings of the volume, and to correct the 
false ones, — it is nec^jssary that the real vestiges of crea- 
tion should be carefully investigated, and their order of sue 
cession ascertained. 
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We have seen ihai some of ihe Silurian Placoids were large 
:e : the question siill remains, Were tliey high ia intel- 
ligence and organization ? 

The Edinburgh Reviewer, in contending with the author of 
ae " Vestiges," replies in the affirmative, by claiming for 
liem the first place among Ashes. " Taking into account," 
B says, " the brain and the whole nervous, circulating, and 
generative systems, ihey stand at the highest point of a nat- 
ural ascending scale." They are fishes, he again remarks, 
It rank among " the very highest types of their class." 
" The fishes of ihia early age, and of all other ages pre- 
vious to the Chalk," says his antagonist, in reply, "are, for 
. most part, cartilaginous. The carlilaginous fishes — 
Chondropteri/gii u[ Caviei — are placed by that naturalist as 
a.fecond series in his descending scale ; beuig, however, lie 
■ays, ' in some measure parallel to the first.'' How far this is 
ifferent from their being the highest types of the fish class, 
aeed not be largely insisted upon. LinniBus, again, was so 
ssed by the low characters of many of this order, that 
be actually ranked tbem with worms. Some of tie cartila- 
inous Ashes, nevertheless, have certain peculiar features of 
organization, chiefly connected with reproduction, in which 



they excel other fish ; but such features are partly partaken 
of by fdmilies m ioferior sub-kingdoms, showing that they 
cannot truly be regarded aa marks of grade in their own 
class. When we look to tlie great fundamental characters, 
]jarlicu!arly to the framework for the attachment of the 
muscles, what do we find ? — why, that of these Plocoids, — 
' the highest types of their class,' — it is barely possible to 
establish their being vertebrata at all, the back-bone having 
generall}' been too slight for preservation, although the ver- 
tebral columns of later fossil fishes are as entire aa those 
of any other animals. In many of them traces can be ob- 
served of the muscles having been attached to the external 
plates, strikingly indicating their low grade as vertebrate 
animals. The Edinburgh Reviewer ' highest types of iheir 
class ' are in reality a separate series of that class, generally 
inferior, taking the leading features of organization of struc- 
ture as a criterion, but when details of organization are re- 
garded, stretching farther, h-oth downward and upward, than 
the other series ; so that, looking at one extremity, we are as 
much entitled to call them the lowest, as the Reviewer, look- 
ing at another extremity, is to call them the ' highest of 
their class.' Of the general inferiority there can be no rowo 
for doubt. Their cartilaginous structure is, in the first place, 
analogous to the embryonic state of vertebrated Boimals in 
general. The maxillary and intermaxillary hones are in 
them rudimenlal. Their tails are finned on the under uide 
only, — an admitted feature of the salmon in an embryonic 
stage ; and the mouth is placed on the under side of the 
head, — also a mean and embryonic feature of structure. 
These characters are essential and important, whatever the 
Edinburgh Reviewer may say to the contrary ; they are the 
characters which, above all, ' am chiefly concerned in look- 
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ittig Id, for Ihey are fealurea of embryonic progress, and em- 
bryonic progress is tho grand key to the theory of develop- 

Such is the iogenidus piece of special pleading which this 
iniost popular of the Lamarckians directs against the standing 
and organization of ihe earlier lislies. Lei us examine it 
tomewhat in detail, and see whether the slight admixture of 
truth which it contains serves to do aught more than to render 
current, like the gilding of a counterfeit guinea spread over 
Aie base metal, the amount of error which lies beneath. I 
linow not a heller example than that which it furnishes, of 
the entanglement and perplexity which the meshes of an arti- 
^cial classification, when converted, in argumentative pro- 
feeases, into symbols and abstractions, are sure to involve 
aubjecls simple enough in themselves. 

Fishes, according to the classification of a preponderating 
majority of the ichthyologists that have flourished from the 
teirliest times down to those of Agassiz, have been divided 
into two great series, the Ordinary or osseous, and the Ckon- 
droplerygii or cariiloginous. And these two divisions of the 
class, instead of being ranged consecutively in a continuous 
line, Ihe one in advance of the other, have been ranged 
in two parallel lines, the one directly abreast of the other. 
There is this further peculiarity in the arrangement, that 
ihe line of the cartilaginous series, from the circumstance . 
that some of its families rise higher and some sink lower 
in the scale than any of the ordinary fishes, outflanks the 
array of the osseous series at both ends. The front which 
it presents contains fewer genera and species than that of 
the osseous division ; but, like the front of an army drawn 
out in single file, it extends along a greater length of ground 
And to this long-fronted series of tlie cartilaginous, or, a"- 
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cording to Cuvier, ehondropltrj/gian fishes, fhe Placoid families 
of Agassiz belong, — among the rest, the Placoids of the Silu- 
rian formations. Upper and Lower. But though all the Pla- 
coids of this latter naturalist be cartilaginous fishes, all carli- 
iaginous fishes are not Placoids. The Slurionidix are cartila- 
ginous, and are, as such, ranked by Cuvier among the CUon- 
dropterygii, whereas Agassiz places them in hisGanwd order 
Many of the extinct fishes, too, such as the Atanlkodei, Dip- 
teridte, Cephalaspidce, were, as we have seen, cartilaginous 
in iheir inlRmal framework, and yet true Ganoids notwith- 
standing. The principle of Agassiz's classification wholly 
differs from that of Cuvier and the older ichlhyolc^lala ; for 
il is a classification founded, not on the character of the 
internal but on that of the cuticular or dermal skeleton. And 
while to the geologist it possesses great and obvious advan- 
tages over every other, — for of the earlier fishes very little 
more than the cuticular skeleton survives, — it has this further 
recommendation to the naturalist, that, (in so far at least as 
ilsauthorhas been true to his own principles,) instead of anom- 
alously uniting the highest and lowest specimens of their 
class, — the fishes that most nearly approximate to the reptiles 
on the one hand, and the fishes that sink furthest towards the 
worms on the other, — it gathers into cue consislenl order all 
the individuals of the higher type, distinguished above iheir 
fellows by their development of brain, the extensive range 
of '.heir instincts, and the perfection of their generative sys- 
tems. Further, the history of animal existences, as re- 
corded in the sedimentary rocks of our planet, reads a recom- 
mendation of this scheme of classification which it extends 
to no other. We find that in the progress of creation i 
fishes began to he bygroupes and septs, arranged according to 
the pnnciple ■m which it erects its orders. The Placoids 
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enme first, the Ganoids succeeded them, and iheClenoids and 
Cycloids brought up the rear. The march boa been marshalled 
according to an appointed programme, the order of whicn it 
is peculiarly the merit of Agassiz to have ascertained. 

Now, may I request the reader lo mark, in the first place, 
that what we have specially to -deal with at the present stage 
of the argument are the Plncoid fishes of the Silurian forma- 
tions. Upper and Lower. May I ask him to take note, in the 
second, that the long-fronlod chondropterygian series of 
Cuvier, though it includes, as has already Ken said, the 
Plncoid order of Agassiz, — just as the red-blooded division 
of animals includes the bimana and quadrumana, — is no 
more to be regarded as identical with the Placoids, than the 
red-blooded animals are lo be regarded as identical with the 
apes or with the human family. It simply includes them in 
the character of one of the three great divisioos into which it 
has been separated, — the division ranged, if I may so express 
myself, on the e.xtreme right of the line; its middle portion, 
or main body, being composed of the Sluriories, a family on 
the general level of the osseous fishes ; while, ranged on the 
extreme left, we find the low division of the Suctorii, i. e. 
Cycloslomi, or Lampreys. But with the middle and lower 
divisions wo have at present nothing to do ; for of neiiher 
of them, whether Sturiones or Suctorii, does the Silurian 
System exhibit a trace. Further be it remarked, thai the 
scheme of classification which gives an abstract standing to 
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its gcaerat idea. As shown by the disparities which abtaia 
nmong ihe section which the scheme serves to separale from 
the others, it no more determines rank or standing than that 
greatly more ancient scheme of classification into " ring- 
Btreaked and spotted," which served to distinguish the flocks 
of the patriarch Jacob from those of Laban his falher-in-iaw, 
biil which did not distinguish goata from sheep, nor sheep from 
cattle. 

The olTcct of introducing, after this manner, generalizationa 
made altogether irrespective of rank, and avowedly without 
reference to it, into what are inherently and specifically qitet- 
lions of rank, admits of a simple illustration. 

Let us suppose that it was not with the standing of the 
Silurian Placoids that we had to deal, but with that of the 
mammah of the recent period, including the quadrtimana, and 
even the bimana, and that we had ventured to describe theni, 
in the words of the Edinburgh Reviewer, as "the very 
highest types of their class." What would be thought of the 
reasoner who, in challenging the justice of tlie esti 
would argue that these creatures, men as well as monkeys, 
belonged simply to that division of red-blooded animals which 
includes, with the bimana and quadrumann, the frog, the gud- 
geon, and the earthworm ? — a division, he might add, "which, 
when details of organizatioo arc regarded, stretches farther, 
both downward and upward," than that division of the white- 
blooded animals to which the crab, the spider, the cuttle-fish, 
and the dragon fly belong ; " so that, looking at one extremity, 
any one is as much entitled to call the red-blooded animals 
the lowest division, as any other, looking al another e: 
tremity, is lo call them the highest division, of animals. 
What, it might well be asked in reply, has the earthworm. 
with its red blood, lo do in a question respecting the ph 
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md slnnJing of Ihe bimana? Or what, in the parallel case, 
have Ihe Suclorii — the worma of Linnteua — to do in a 
question respecting the place and eianding of the real 
-Placoids? True it is that, according to one principle of 
elassificulion, now grown somewhat obsolete, men and earih- 
worms are equally red-blooded animals ; true it is that, 
according to another principle of classification, llie Placoid.s 
of Agassizand the cartilaginous worms of LinnEcus arc equallj- 
Ckondroplerygii. The bimana and the earthworm have their 
red blood in common; the glutinous hag and the true Placoids 
liave as certainly their internal cartilage in common ; and 
if llie fact of the red blood of the worm lowers in no degree 
the rank of the bimana, then, on the same principle, thu 
feet of the inlernal cartilage of the glutinous hug cannot 
possibly detract from the standing of the true Placoid. In 
both cases they are creatures that entirely differ, ^ the earth- 
i from the bimana, and the cartilaginous worms from 
flie Placoids ; and the classification which lags them together, 
whether it be that of Aristotle or tliat of Cuvier, cannot 
be converted into a sort of minus quantity, of force enough 
to detract from the value and standing of the bimana in 
I or of the true Placoids in the other. It is 
derogatory to the human family that earlh- 
5 red blood ; it is in no degree derogatory to 
.■fte true Placoids that the Suclorii possess cartilaginous 
. skeleton n. 

Let the reader now mark the use whicli has been made, by 
he author of the " Vestiges," of the name and authority of 
JinnmuB. " Linnieus," he siaies, " was so impressed by the 
low character of many of this order, (the ChoH'lropterygii,) 
that he actually ranked them witli worms." Now, what is the 
&clhere? Simply that Linnotiis had no such general order 
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as the ChoTidropterygii io his eye al all. Though chiefiy 
remarkable as a naturalist for the artificialness of his classifi- 
cations, his estirnale of the cartilaginous lishes was remarkable 
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1 of taking 
>us skeleton into account, he looked chiefly at 
a animals ; and, struck with thai e:(ient of front 
which they present, and with both their superiority on the ex- 
treme right, and their inferiority oa the extreme left, lo the 
ordinary lishes, he erected them into two separate orders, the 
one lower and the other higher than the members of the osse- 
ous line. And so far was he from regarding the true Placoids 
— those Ckondroplerygii which to an internal skeleton of 
cartilage add external plates, points, or spines of bone — as 
Igw in the scale, that he actually raised them above fishes alto- 
gether, by erecting them into an order of reptiles, — the order 
Amphibia Nantes. Surely, if the name of Linnieua was to be 
introduced into this controversy al all, it ought to have been 
in connection with this special fact ; seeing that the point to 
be determined in the question under discussion is simply the 
place and standing of that very order which the naturalist 
rated so high, — not the place and standing of the order which 
he degraded. It so happens that there is one of the Chon- 
dropterygii which, so far from being a true Placoid, does n(t 
possess a single osseous plate, point, or spine : it is a worm 
like creature, without eyes, without movable jaws, without 
vertebral joints, without scales, always enveloped in slime, 
and gready abhorred by our Scotch boatmen of the Moray 
Frith, who hold that it barrows, like the grave-worm, in ihe 
decaying bodies of the dead. And this creature, " the 
glutinous hag," or, according to north-country fishermen, the 
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*' lamper-cel," or " poison -ram per," was regarded by Lin 
Dsais us belonging, not to tlie class of fishes, but to tht 
Vermes. Now, this is the epecial fact with whicb, in lh( 
development controversy, the author of the " Vestiges " con 
Dects the name of the Swedish naturalist ! All the fish ot 
the Silurian System belonged to thai true Piacoid order wliict 
Linnteus, impressed by ils high standing, ej'ected mio an 
order, not of worms, but of reptiles. He elevated A, th» 
tfue Piacoid, while be degraded B, iho glutinous hag. But if 
was necessary to Ihe argument of the author of the " Ves- 
tiges " tbat the earliest existing fish should be represented as 
fish low in the scale ; and so he has cilcd the name and 
authority of Linnsus in its bearing against the glutinous hag 
B, as if it had borne against the standing of the true Piacoid 
A. The Paiagonians are the tallest and bulkiest men in the 
world, whereas their neighbors the Fuegians are a slim and 
diminutive race- And if, in some controversy raised regard- 
bg the real size of the more gigantic tribe, they were to be 
described as the " very tallest types of their class," any state- 
ment in reply, to the effect that some trustworthy voyager 
had examined certain races of the extreme south of America, 
and bad found that they were both short and thin, would be 
neither relevant in its facts nor legitimate in its bearing. But 
if the controversialist who thus strove to strengthen his case 
by the voyager's authority, was at the same time fully aware 
that the voyager had seen not only the diminutive Fuegians, 
but also the gigantic Patagonians, and that iie had described 
these last as very giganllc indeed, the introduction of the 
Statement regarding the smaller race, wlien he wholly sank 
the statement regarding the larger, would be not mere y very 
irrelevant in the circumstances, but also very unfair. Such, 
however, is (ho stylo of slatemcst to which the author of the 
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" Vesligea " has (I trust inadv^ertently) resorted in thb con- 
troversy. 

It is not uninatructiTe to mark how slowly and gradually 
the naturalisla have been groping their way to a right classifi 
cation in the ichthyic department of their science, and how it 
has been that identical perception of resemblance, having 
cartilage for its general idea, to which the author of the 
"Vestiges" atTachea so much importance, that has served 
mainly to retard their progress. Not a few of the more dis- 
tinguished among their number deemed it too important a 
distinction to be regarded as merely secondary ; and so long 
as it was retained as a primary characteristic, the fishes failed 
to range themselves in the natural order; — dissimilar tribes 
were brought into close neighborhood, while tribes nearly 
allied were widely separated. It failed, as has been shown, 
lo influence Linnffius; and though he no doubt pressed his 
peculiar views too far when he degraded the glutinous hag 
into a worm, and elevated the Sharks and Rays into reptiles, 
it is certainly worthy of remark, that, in the scheme of class- 
ification which is now regarded as the most nalnral, — that 
of Professor Muller, modified by Professor Owen, — the 
ichthyic worms of the Swede are placed in the first and 
lowest order of fishes, — \he Dermopteri, — and the greater 
part of his ichthyic reptiles, in the eleventli and highest, — 
the riagUislomi. Cuvier yielded, ns has been shown, to the 
idea of resemblance founded on the material of the ichthyic 
framework, and so ranged his fishes into two parallel lines. 
Professer Oken, after first enunciating as law that " the char- 
acteristic organ of fishes is the osseous system," confessed 
the " great difficulty " which attaches to the question of skel- 
etal " texture or substance," and finally gave up the distinction 
it as obstinately irreducible to the purposes of a 
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ilatural clussificalion. " The carlilagi nous fishes," he saya, " ap- 
pear lo belong loeach oiher, and are also usually arranged to- 
gether; yet an^ongst them we find those species, such as iha 
Ijampreys, which obviously occupy the lowest grade of all 
fishea, while the Sharks and Rays remind us of ihe Replilia," 
And so, sinking Ihe consideration of texture ollogelhor, he 
placed the family of the Lamprey, including ihe glutinous hag, 
at the botlom of the scale, and Ihe Sharks and Rays at the tup. 
Agassiz's system, peculiarly his own, has had the rare merit, 
tiB I have shown, of furnishing a key to the history of the 

its several dynasties, wh(,h we may in vain seek in 
any other. Hia divisions, — if relam ng hia strongly -marked 
Plaeoids and Ganoids, aa orders stamped m ihe mint of nature, 

3W his perhaps less obviously div s bleCleiioida andCy- 
cloids into one order, — the corneous or horn covered, — are 
scarcely less re presents live of penods than those great classes 
of ihe vertebrata, mammals, birJ'; repides and fishes, which 
find not less regularly ranged in their order of succession 
in the geologic record than in the " Animal Kingdom " of 
Cuvier, — n shrewd corroboration, in both cases, I am dis- 

:o ihf ik, of the rectitude of the arrangement What 
seems to be the special defect of his system is, that having 
erected his four orders, and then finding a certain number of 
nsiduary families that, on his principle of cuticular character, 
•tubborniy refused to fall into any determinate place, he dis- 
tributed them among the others, with reference chiefly lo Ihe 
lolally distinct principle of Cuvier. Thus the Sttclorii, soft, 
cmooth, slimy-skinned fishes, that do not possess a single 
plftcoid character, and are not true Plaeoids, ho has yet placed 
in hia Placoid order, influenced, apparently, by the " per- 
ception of resemblance that has cartilage for its centra 
idea;" and the effect has been a massing into one anomalous 
U 



Hnd entangled group the fishes of the first period of geologic 
hisiory, with fiahea of which we do not find a trace save ic 
the existing scene of things, and of the highest families of 



ivith families that 
e in which c 
make fals< 
while Agassiz's three ichthyic 
recognized by the ptilceontologis 



;cupy the lowest place. But 
the benefactors of the world 

:eps with impunity ; and so, 
orders will continue to bt! 

. as the orders of three great 



geologic periods, the Sactorii have already been struck from 
ofF his higher fishes by the classification of Muller and Owen, 
and carried to that lowest point in the scale (indicated by 
Linnteus and Oken) which their inferior standing renders so 
obviously the natural one. Some of my readers may per- 
haps remember how finely Bacon, in his " Wisdom of the 
Ancients," interprets the old myihologic story of Prometheus. 
Prometheus, says the philosopher, had conferred ioeslimablB 
favors on men, by moulding their forms into shape, and bring- 
ing them fire from heaven ; and yet they complained of him 
and his teachings to Jupiter. And the god, instead of cen- 
suring their ingratitude, was pleased with the complaint, and 
rewarded them with gifts. In putting nature to the question, 
it is eminently wholesome to be doubting, cross-examining, 
complaining; ever demanding of our masters and benefactors 
the philosophers, that they should reign over ua, not arbitra- 
rily and despotically, 



" Like the old kings, with high e 
Sceptred and globed," 



ncting looka, 



but like our modem constitutional monarchs, who govern by 

; and, further, that an appeal from their decisions on all 

within the jurisdiction of Nature should for ever 

lie open to Nature herself. The seeming ingratitude of such 
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a course, if the *^ complaints ^' be made in a right spirit and 
on proper grounds, Jupiter always rewards with gifts. 

Let us now see for ourselves, in this spirit, whether there 
may not be something a.bsolutely derogatory, in the existence 
of a cartilaginous skeleton, to the creatures possessing it ; or 
whether a deficit of internal bone may not be greatly more 
than neutralized, as it assuredly must have been in the view 
of Linnaeus, Muller, and Owen, by a larger than ordinary 
share of a vastly more important substance. 



; D£PEWDEMT 



1 PLACOID BRAIN. 



EMBRTOMO CHAKACTEBISTICS HOT NECESSARILY OF . 
ORDER. 



That special substance, according to whose mast and de- 
gree of development all the creatures of this world tnke rank 
in the scale of creation, is not hone, but irain. Were ani- 
mals to be ranged according to the solidity of their bones, the 
class of birds would be assigned the first place ; the family 
of the Felida, including the tiger and lion, the second; and 
the other terrestrial carnivora the third. Man and the herbiv- 
orous animals, though tolerably low in the scale, would be 
in advance of at least the reptiles. Most of these, however, 
would take precedence of the sag 
osseous fishes would come next in 
would follow, succeeded by the Slur 
i. e. Cyclostomi or Lampreys, would bring up the rear. 
There would be evidently no order here ; the utter confusion 
of such an arrangement, like that of the bits of a dissected 
map flung carelessly out of its box by a child, would of 
itself demonstrate tlie inadetiviacy and erroneousness of 
[he regulating principle. But how very different the appear- 
ancn presented, when for solidity of bone we substi- 
tute deveUtpmenI of brain ! Man lakes his proper place 



i Ddjikinidce ; the 
; the true Placoids 
; and the Suctorii, 




at the head of creation ; the lower maminalia Follow, — euc.h 
species in due order, according lo its modicum o! intel- 
ligence ; the birds succeed the mammalia ; the rejtilles suc- 
ceed the birds ; the fishes succeed the reptiles ; next in 
the long procession cotne the invertebrate animals ; and 
these, (oo, take rank, if not according lo their development 
of brain proper, at least nccoiding lo their development of 
the substance of brain. The occipital nervous ganglion of the 
scorpion greatly exceeds in size that of the earthworm ; and 
the occipital nervous ring of the lobster, that of the iniea- 
tinal Ascaris. At length, when we reach the lowest or acrile 
divbion of the animal kingdom, the substance of brain 
altogether disappears. It has been calculated by natural- 
ists, that in the vertebrata, the brain in the class of lishes 
bears an average proportion to the spinal cord of about two 
to one ; in the class of reptiles, of about two and a half lo 
one; in the class of birds, of about three to one; in the class 
of mammals, of about four to one ; and in the high-placed, 
sceptre-bearing human family, a proportion of not less than 
twenty-three lo one. It is palpably according to development 
of brain, not development of bone, that we are (o determine 
points of precedence among the animals, — a fact of which 
no one can he more thoroughly aware than the author of the 
"Vestiges" himself. Of this let me adduce a striking in- 
stance, of which I shall make further use anon. 

" All life," says Okcn, " is from the sea ; none from the 
continent. Man also is a child of the warm and shallow 
parts of the sea in the neighborhood of the land." Such 
also was the hypothesis of Lamarck and Maillet. In follow- 
mg up the view of his masters, the author of the " Vestiges " 
fixes on the DeJphinidte as the sea- inhabiting progenitors of 
ibe siraial family, and, through the simiiil family, of man. 
14" 
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For that highest order of the mammalia to which the St- 
mittdie (monkeys) belong, " there remains," he says, " a 
basis in the Delpkinid<e, the last and smallest of ihe cetacean 
trihes. This afGliation has a special support in the brain of 
the dolphin family, which is disiinctly allowed to be, m pro- 
portion to genera! bulk, the greatest among mammalia next 
to ihe orang-outang and man. We learn from Tiedemann, 
that each of the cerebral hemispheres is composed, as in 
man and the monkey tribe, of three lobes, — an anterior, a 
middle, and a posterior ; and these hemispheres present 
much more numerous circumvolutions and grooves than those 
of any other animal. Here it might be rash to found any 
thing upon the ancient accounts of the dolphin, — its famil- 
iarity with man, and its helping him in shipwreck ond various 
marine disasters ; although it is difficult to believe these sto- 






;e3 a predilection for 
by the gambols which 



" Vestiges " palpably founds 
n in the dolphin, and on the 
igly high order of instincts, — 



riea to be altogether without somi 
doubt, however, that the dolphit 
human society, and charms lh( 
it performs beside his vessel." 

Here, then, the author of the 
on a large development of brain 
manifestation of a correspondi 
and ibis altogether irrespective of the structure or compo- 
sition of the creature's internal skeleton. The substance to 
which he looks as all-importanl in the case is frrain, not hone. 
For wore he to estimate the standing of the diJphin, not by 
its brain, but by its skeleton, he would have to assign to it a 
place, not only not in advance of its brethren the mammalia 
of the sea, but even in the rear of the reptiles of the sea, the 
marine tortoises, or lurlles, — and scarce more (ban abreast 
of the osseous fishes. " Fishes," says Professor Owen, in hit 

liCCtures on the ^'erlebra'e Animals," " have the least pro- 
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■f Grtion of earthy matter in iheir bones j birds the largest. 
'The mammalia, especially the active, predatory species, have 
Wiore earth, or harder bones, than reptiles. In each class, 
there are differences in the density of bone among 
"ftB several members. For example, in the fresh-water fishes, 
'the bones are lighter, and retain more animal matter, than 
those which swim in the denser sea. And in the dolphin, 
A warm-blooded marine animal, Ihey differ little in this re- 
spect from those of the sea-fialu" Such being ihe fact, it is 
Surely but fair to inquire of the author of the "Vestiges," 
Vhy he should determine ihe rank and standing of the Bel- 
'pkiidda according to one set of principles, and the rank and 
Standing of the Piacoids according to another and entirely 
different set ? If the Delpkinidis arc to he placed high in the 
*ca!e, notwiihalanding the sofinesa of their skeletons, simply 
Tiecause their brains are large, why are the Piacoids (o be 
placed low in the scale, notwithstanding the largeness of their 
mply because their skeletons are sof^ ? It is not too 
tnuch to demand, that on the principle which he himself re- 
'cognizes as just, he should either degrade the dolphin or elo- 
the Placoid. For it is altogether inadmissible that he 
should reason on one set of laws when the exigencies of Ha 
liypothesis require that crealures with soft skeletons should 
be raised in the scale, and on another and entirely dilTcr- 
"ent set when its necessities demand that they should be de 



But do the Placoida possess in reality a large development 

brain ? I have examined the brains of almost all the com- 

an fish of our coast, both osseoug and cartilaginous, not, 

X fear, with the skill of aTiedcmann, but all the more intel- 

'ligently in consequence of what Tiederaann had previously 

done and written ; and so I can speak with some little con- 
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tnpared the brain of the spotted dog-fish with that of i 
young alligator, and have found that in scarce any percep- 
tible degree was it inferior, in point of bulk, and very slightly 
indeed in point of organization, to the brain of the replile. 
And the insfincts of this Placoid family, — one of the IruesI 
existing representatives of the Placoids of ihe Silurian Sys- 
tem * to which we can appeal, — correspond, we invariably 
find, with their superior cerebral development I have 
seen the common dog-fish, Spinai: Aeantkias, hovering in 
packs in the Moray Frith, some one or two fathoms away 
from the side of the herring boat from which, when the 
fishermen were engaged in hauling their nets, I have watched 
them, and have admired the caution which, with all their 
ferocity of disposition, they rarely failed to manifest ; — how 
they kept aloof from tho net, even more warily than the 
ceracea themselves, — though both dog-fish and celacea are 
occasionally entangled ; — and how, when a few herrings were 

• The Silurian Placoida are moat adequately represented by the 
Cesiracion of the Boutbcrn hemLtiphere { hut 1 know not that of the 
pecnliai character and inBtincta of this iutei^ting Flacoid, — the last 
of ita race, — there is any thing known. For its form and general ap- 
pearance see fig. 49, p(^;B 177. 
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shaken loose from ihe meshes, iheyat once darted upon ihem, 
exhibil ng for a moment, through the green depths, llie pale 
gleam of iheir ahdomena, oa they turned upon their sides to 
seize iho desired morsels, — a moiion rendered necessary by 
the position of the mouih in t!ii* family ; and how next, theii 
object accomplished, they fell back inlo their old position, and 
wailed on as before. And I have been assured by inJelhgenl 
fishermen, that at the deep-sea whiie-hsbjng, in which baited 
hooks, not nets, are employed, the degree of shrewd caution 
exercised by these creatures seems more extraordinary still. 
The hatred which the fisher bears to them arises not more 
from the actual amount of mischief which they do him, than 

I the circumstance that in most cases they persist in 
doing it with complete impunity to themselves. I have seen, 
■aid aa observant Cromarty fisherman to the writer of these 

iters, a pack of dog-fish watching beside ouf botit, 03 we 
were hauling our lines, and severing the hooked fish, as 
they passed ihem, at a bile, just a little above the vent, so thai 
ihey themselves escaped the swallowed hook ; and i have 
ftequenlly lost, in this way, no inconsiderable portion of a 
fishing, I have observed, however, he continued, that when 
, fresh pack of hungry dog-fish eame up, and joined the 
pack that had been robbing us so coolly, and at their leisure, 
a sudden rashness would seize the whole, — the united packs 
juld become a mere heedless mob, and, rushing forward, 
they would swallow our fish entire, and be caught themselves 
by the score and the hundred. We may see something very 
similar to this taking place among even the shrewder mam- 
malia. When pijg refuses to take his food, his mistress 
straightway calls upon the cat, -and, quickened by the dread 
of the coming rival, he gobbles up his rations at once. With 
the comparatively -argo development of brain, and the cor- 
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espondiog manifealutions of instinct, which the true Flacoida 
oxhibit, we find otliet uaequivoc.nl marks of a general supe- 
i lorily to their clnas. In their reproductive organs ihey rank, 
not whh [he commoD fishes, nor even with the lower rep- 
tiles, but with the Chcloniuns and the Sauria. Among the 
Rays, as among the higher animals, there are individual 
altachmeuls formed between male and female : their eggs 
uolihe the mere spawn of the osseoijs fishes, or of even ihe 
Balrachians, arc, like those of the turloise and the crocodile, 
coroparaiively few in number, and of considerable size: 
their young, loo, like the young of birds and of the highei 
reptiles, pass through no such metamorphosis as those of the 
toad and frog, or of the amphibia generally. And some 
of their number — the common dog-fish for instance — 
are ovoviviparous, brlogmg forth their young, like the 
common viper and the viviparous lizard, alive and fully 
formed, 

" But such features," says the author of the " Vestiges," 
referring chiefly to certain provisions connected with the r«- 
produclory system in the Placoids, " are partly partaken of by 
families in inferior sub-kingdoms, showing that they cannot 
truly be regarded as marks of grade in their own class 
Nay, single features do hero and there occur in the inferior 
sub-kingdoms, which very nearly resemble single features in 
the placoid character and organization, which even very 
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prominent, leading characteristic of this series of fishes, — a 
large brain ' 

But is nut the " cartilaginous structure " of the Placoitls 
analogous io the embryonic slate of vertcbrated animals in gen- 
eral? Do not the other placoid peculiarities to which the 
author of the " Vestiges " refers, — such as the heterocorcul 
or one-sided tail, the position of the mouih on the under side 
of the head, and the rudimontal stale of the maxillaries ami 
intermaxillaries, — bear fuciher analogies with the embrj-onic 
slate of the higher aniinala ? And is not " embryonic progress 
the grand key lo the theory of development ? " Let us ex- 
amine this matter. "These are the characters," says this, 
ingenious writer, " which, above all, 1 amchielly concerned in 
looking to ; for they are features of embryonic progress, and 
embryonic progress is the grand key to the theory of develop- 
ment." Bold asseriion, certainly ; but, then, assertion is not 
argument! The statement is not a reason for the faiih that is 
in the author of the " Vestiges," but simply an avowal of it ; 
it is simply a confession, not a defence, of the Lamarckian 
creed; and, instead of being admitted as embodying a 6rst 
prJDciple, it must be put stringently to the question, in order 
to determine whether it contain a principle at all. 

In the first place, let us remark, that the cartilaginous 
[Structure of the Placoids bears no very striking analogy to 
carliinginous structure of the higher verlebrata in the 
embryonic state. In the case of the Delpkinida, with then 
soft skeletons, the analogy is greatly more close. Bono 
consists of animal matter, chiefly gelatinous, hardened by a 
difiusion of inorganic earth. In the bones of young and 
fffital mammalia, inhabitants of the land, the gelatinous pro- 
vails ; in the old and middle-aged there is a preponderance 
of the earth. Now, in the bones of ihe dolphin there is 
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comparatively liltle earth. The analogies of its inlernal 
skeleton bear, not on the skelelona of its brethren the mature 
rull-grown mammals of the land, but on the skeletons of iheir 
immature or fcelal ofTspring. But in the cose of the true 
Placoida that analogy is faint indeed. Their skeletons contain 
true bone; — the vertebra! joints of the Sharks and Rays 
possess each, as has been s-hown, an osseous Duclcus, which 
retains, when subjected to the heat of a common fire, the 
complete form of the joint ; and their cranial framework has 
its surface always covered over with hard osseous poi 
Gut though their skeletons possess thus their modicum of bone, 
unlike those of embryonic birds or mammals, they conlain 
what is properly their cartilage, no gelatine. The analogy 
signally fails in the very point in which it has been deemed 
specially to exist. The cartilage of the Ckondropterygii i 
substance so essentially different from that of young 
embryonic birdsand mammals, and so unique in the animal 
kingdom, that the heated water in which the one readily dis- 
solves has no effect whalever upon the other. It is, however, 
a curious circumstance, exemplified in some of ihe Shark 
family,* though it merely serves, in its esceplive character, 
to establish the general fact, that while the rays of the 
double fins, which answer to the phalanges, are all formed 
of this indissoluble cartilage, those rays which conslilut 
their outer framework, with the raya which constitute the 
framework of all the single fins, are composed of a timeoidal 
cartilage, which boils into glue. At certain definite lines 
a change occurs in the texture of the skeleton ; and it is 
certainly snggeative of thought, that the difference of 
substance which the change involves distinguishes thai 
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^rl of the skeleton whwh'u homologically representative of 
iAe skeletons of the higher vertcbrata, from that part of it 
[■which in peculiar to the creature as a fish, viz. the dorsal and 
audal rays, and the extremities of the double fins. These 
imphatically ichthyic portions of the animal may be dissi- 
laied by boiling, whereas what Linnffiua would perhaps term 
Is repHtian portion abides the heal wiihoui reduction. 
But is not the one-sided tail, so characteristic of the sharks, 
mnd of almost all the ancient Ganoids, also a characteristic of 
ihe young salmon jual burst fronn the egg? Yes, assuredly ; 
so far as research on the subject has yet extended, of 
■Bot only the salmon, but of a!t the other osseous fishes in 
their fcetal state. The salmon, on its escape from the egg, ia 
1 iitlle monster of about three quarters of an inch in length, 
•with a huge heart-shaped bag, as bulky as all the rest of its 
'fcody, depending from its abdomen. In this bag provident 
'teiure has packed up for it, in lieu of a nui 
■^eeks; and, moving about every where in 
..*ilh its provision knapsack slung fast to i 
^fisposed to be fanciful, save that its burden 
^e, of Scottish soldiers of the olden lime si 
ibeir king in war, — 

*' Each on his bark, a slender store. 
His forty dayii' pro^-iaion bore, 

id that terminal part of the creature's body traversed by 
ibe caudal portion of the vertebral column, which com- 
<nences in the salmon immediately behind the venlrals, there 
iuns at this period, and for the ensuing five weeks in which 
;it does not feed, a membranous fringe or fin, wTiich exactly 
leeemhles that of the tadpole, and which, existing simply aa 
an expansion of the skin, exhibits no mark or rays. In the 
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place of the true caudal fin, however, we rr.f.y detect, n 
ihe assistaDce of a leas, an iaternal framework with two 
well-marked lobes, and ascertain, further, that this tail is set 
on awry, — the effect of a slight upward bend in the creature'a 
body. And when viewed in a strong light as a transparency, 
we perceive that the spinal cord takes the same upward bend, 
and, as in the sturgeon, passes in an exceedingly attenuated 
form into the upper lobe. What may be regarded as the 
design of the arrangement is probably to be found in the pe- 
culiar form given to the little creature by the protuberant 
bag in front. A wise instinct teaches it, from the moment of 
its exclusion from the egg, lo avoid its enemies. In ihe in^ 
slant the human shadow falls upon its pool, we see it darting 
into sonie recess at ihe side or bottom, with singular alacrity; 
and in order to enable it to do so, and to steer itself aright, — 
Bs, like an ill-trimmed vessel, deep in tlie water aheaJ, the 
balance of its body is imperfect, — there is, if I may so ex- 
press rnyself, a heterocercal peculiarity of helm required. Il 
has got an irregularly-developed tail to balance an irregularly- 
developed body, as skiffs lean on the one beam and Jitll on 
the other lequire, in rowing, a cast of the rudder to keep them 
straight in their course. 

Sinking altogether, however, the final cause of the pecnli- 
nrity, end regarding it simply as a fatal one, that indicates a 
certain stage of imperfection in the creature in which it ( 
curs, on what principle, I ask, are we to infer that what ii 
sign of immaturity in the young of one set of animals, is 
mark of inferior organization in the adult forms of another 
The want of eyes in any of the animal families, or the 
of organs of progression, or a fixed and sedentary con- 
dition, like that of the oysier, are all marks of great infeiiori- 
And yet, if we admit the principle, that what are evidences 
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•f immaturity in the young members of one family are signa 
iferior organizalioQ in ihe fully-grown membera of another, 
■uld easily be shown dial eyea and lega are defects, and 
that the unmoving oyster stands higher in the scale than the 
ever-reatless fish or bird. The immature Tubularia possess 
locomotive powers, whereas in their fully developed state they 
fixed lo one spot in their convoluted tubes. The im- 
re Lepas h furnished with members well adapted for 
ming, and with which h awims freely; as it rises towards 
maturity, these become blighted and weak ; and, when 
fully grown, — fixed by its fleshy pedicle to the rock or float- 
)g to which it attached itself in its tniosjiion stiite, — it 
longer able lo swim. The immature Balanus is fur- 
nished with two eyes r in its stale of maturity these are ex- 
tinguished, and it passes its period of full development in 
darkness. Further, it is not generally held that in the human 
iamily a white skin is a decided mark of degradation, hut 
jrather the reverse ; and yet nothing can be more certain than 
that the Negro fcetua has a white skin. Since eyes, and or- 
of progression, and a power of moving freoly, and a 
skin, are mere embryonic peculiarities ia the Balanus, 
the Lepas, the Tubularia, and the Negro, and yet are intbem- 
'Velves, when found in the mature animal, evidences of a 
bigh, not of a low standing, on what principle, I ask, are we 
infer mat the peculiarity of a heterocercal tail, embryonic 
the saimon, is, when found in the mature Placoid, an evi- 
dence, not of a high standing, but of a low ' Every true 
analogy in the case favors an exactly opposite view. In the 
heterocercal or one-sided tail, the I'ertebral joints gradually 
dimmish, Ds in the tails of the Sauria and Ophidia, till ibey 
terminate in a point ; whereas the homocercal tail common to 
fte osseous lishes exhibits no true analogy with the tail? 
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of the higher ordars. Its abruptly terminating vertebral col- 
umn, immensely developed posterior processes, and broadl" 
expanded osseous rays, seem to be simply a few of the many 
marks of decline and degradation which fishes, the oldest of 
the verteb rata, exhibit in this late age of ihe world, and which, 
in at least the earlier geologic periods, when they were great- 
ly younger as a class, they did not betray. 

Kg. *8. 




19 Teamroatrii, (Buchlaud.) 



In ill 

reader 



stmlion of this view, I would fain recommend to tlw 
simple experiment. Let him procure the tail of a 
imon dog-fish, (fig. 48, a,) and cutting it across about half 
inch above where the caudal fin begins, let him boil il 
irtly for about half an hour. He will first see il swell, 
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and then burst, all around those thinner parts of the fin thai 
are traversed by ths caudal rays, — wholly macoidal, ns shown 
by this test, in their texture, and which yield to the boiling 
water, as if formed of isinglass. They finally dissolve, and 
drop away, with the surrounding culicular integument; and 
then there 3nly remains, as die insoluble framework of the 
whole, the bodies of the verlebrte, with their neural and 
htBmal processes. The tail has now lost much of its ichthyic 
character, and has acquired, instead, a considerable degree 
of rs^emblance lo the reptilian tn.il, as exemplified in l!ie sau- 
nans. 1 have introduced into the wood-cut, for the purpose 
of comparison, the tail of the ichthyosaurus, (b.) It consists, 
like the other, of a series of gradually diminishing vtirtebrie, 
and must have also supported, says Professor Oncn, a pro- 
pelling fin, placed vertically, as in the shark, which, how- 
ever, from its perishable nature, has in every instance dis- 
appeared in the earth, as that of the dog-fish disappears in 
the boiling water. It will be seen that its processes are com 
paratively smaller than those of the fish, and that the bodies 
4]f its vertebra! are shorter and bulkier ; but there is at least 
a genera! correspondence of the parts ; and were the tail of the 
crocodile, of which the vertebral bodies are slender and the 
processes large, to be substituted for that of the enaliosaurhere, 
the correspondence would be more marked still. After thus 
developing \\ie tail of the reptileout of that of the fish, — as the 
cauldron -bearing Irish magician of the lale developed young 
ladies out of old women, — simply by boiling, let the reader 
proceed to a second stage of the experiment, and see whether 
he may not be able still further to develope the reptilian tail so 
obtained, into that of the mammal, by burning. Let him spread 
k out on a piece of iron hoop, and thrust it into tlie fire ; 
aod then, after exposure for some lime to a red heal has 
15* 
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consumed aod dissipated its merely cartilaginous portions, 
such as the neural and haemal processes, with the little pieces 
which form the sides of the neural arch, and left only the 
whitened bodies of the vertehrte, let him say whether the 
bony portion which remains does not present a more exact 
resemblance to the mammiferous toil — that of the dog, foe 
example — than any thing else he ever saw- The Lamarck- 
ians may well deem it an unlucky circumstance, that one ape- 
liial portion of their theory should demand the depreciation of 
ihe heterocerctti tail, seeing that it might be represented with 
excellent effect in another, as not merely a connecting link in 
ihe upward march of progression between the tail of the true 
fish and that of the true reptile, but as actually containing in 
itself — as the caterpillar contains the future pupa and but- 
terfly — the elements of the reptilian and mammiferous tail. 
If there be any virtue in analogy, the heterocercal tail is, I 
repeal, of a decidedly higher type than the homocercal one. 
It furnishes the first example in the vertebrata of the coc- 
cygeal vertebrEB diminishing to a point, which characterizes 
not only all the higher reptiles, but also all the higher mam- 
mals, and which we find represented by the Os coccygis in 
man himself. Bui to this special point I shall again refer. 

With regard to that rudimentary state of the occipital 
framework of the Placoids to which the author of the " Ves- 
tiges" refers, it may be but necessary to say that, notwiih- 
alanding the simplicity of tlieir box-like skulls, they bear in 
theit character, as cases for the protection of the brain, 
at least as close an analogy to the skulls of the higher ani- 
mals, as those of the osseous fishes, which consist usually 
of ihe extraordinary number of from sixty to eighty bones, — 
■I mark — the author of the " Vestiges " himself being judge 
n the cise — rather of inferiority than the reverse. " Ele- 



1 the scale," we find him saying, 
(cliangng a mulliplicity of parla sen-ing one end, 
for a amaller number." The skull of a cod consists of almut 
3 many separate bones as tliai of a man. But I do 
see that in this case the fact eiiher of limpiicily in 
excess or of muUiplicity in excess can be insisted upon in 
eiiher direction, as a proper basis fur argument Nearly the 
same remark applies to the maiiillariea as to the skull. The 
under Jaw in man consists of a single bone ; that of the thorn- 
bnck — if we do not include the two suspending Wis, which 
belong equally to the upper jaw — of two bones, (the number 
all the mammiferous quadrupeds ■.\ that of the cod of 
four bones, and, if we include ihe suspending rtis, of twelve. 
On what principle are we to hold, with one as the repre- 
sentative number of the highest type of jaw, that tjeo in- 
;r standing than four, or four than lathe 1 In 
reference to the further stalemcnl, that in many of the an- 
cient fishes " Irncea can be observed of ihe muscloa hav- 
ing been attached to the external plates, strikingly indi- 
cating their low grade as verlebrate animals," it may bo 
answer enough to state, iliut the peculiarity in question was 
characteristic of the most ancient fishes, — the Placoids 
;if the Silurian system, — but of some Ganoids of the suc- 
ceeding systems. The reader may remember, as a case 
in point, the example furnished by the nail-like bone of 
AalerolepU., figured in page 111, in which there exists depres- 
sions resembling that of the round ligament in the head of 
Ihe quadrupedal thigh-bone. And as for the remark that 
the opening of the mouth of ihe Placoid, " on the under side 
of ihe head," is indicative of a low embryonic condiiion, it 
might be almoK' sufficient to remark, in turn, that the 
lowest family of fishes — that to which the suppoeed worms 
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of Linnffiua belong — have tlie moulh not under, bul at ihe 
anterior lerminaiion of the head, — in itself an evidence 
that the posiiiun of !be moulh at the extremity of the muz- 
zle, common lo the greater number of the osseous fiabes, 
can be no very high character, seeing that Ihe humblest 
of the Siictorii possess il; and ibat many osseous fishes, 
whose mouths open, not on the under, but the upper side of 
the snout, as in the distorted and asymetricai genus Plaltssa, 
are not only ia no degree superior lo iheir bony neighbors, 
and far inferior to the placoid ones, but bear, in direct con- 
sequence of the arrangemeat, an expression of unmistakable 
Blupidity. The objection, however, admits of a greatly more 
conclusive reply. 

" This fish, to speak in Ihe technical language if Agassiz," 
says the Edinburgh Reviewer, in reference to the ancient 
ichthyolite of the Wenlock Shale, " undoubtedly belongs to 
the Ceslraciont family of the Placoid order, — proving lo 
demonstration that the oldest known fossil fish [1845] be- 
longs to the highest type of that division of the vertebrala/ 
.' may add, that the character and family of this ancient 
specimen was determined by our highest British authority in 
fossil ichthyology. Sir Philip Egerton. And it is in depre- 
ciation of Professor Sedgwick's statement regarding its high 
standing that the author of the " Vestiges " refers to ihe 
supposed inferiority indicated by a mouth opening, not at the 
estremily of the muzzle, but under the head. Let us, then, 
fully grant, for the argument's sake^ that the occurrence of 
the mouth in the muzzle is a sign of superiority, and its oc- 
currence under the head a mark of great inferiority, and 
.hen ascertain how the fact stands wiih regard to the Ceslra- 
don. " The Cestracion sub-genus," says Mr. .Tames Wilson, 
in his admirable treatise on fishes, which forms the article 
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r EcHTSTOLOGV ii the " Encyclopedia Britunnicu," " has the 
temporal aperure, the Hnal fin, and rounded leelh, of 
Sgvabta MusUlits ; but the mouth is tehminal, or at the ex- 
TBEUiTT OF THE poiKTED MUZZLE." The accompanying 
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figuie, (fig. 49,) taken from a. specimen of Ceatracion in ihe 
collection of Professor John Fleming, may be recorded as of 
ome little interest, hoth from its direct bearing on the point 
n question, and from the circumstance thai it represents, not 
inodequalely for its size, the sole surviving species ( Cestracion 
PkilKppi) of the oldest vertebrate family of creation. With 
this family, so far as is yet known, ichthyic existence first be- 
lt does not appear that on the globe which we inUflbil 
there was ever an ocean tenanted by living creatures al all 
that had not its Cestracion, — a slatemenl which could not he 
} regarding any other vertebrate family. In Agassia's 
"Tabular View of the Genealogy of Fishes," the Cestracionls, 
and they only, sweep across the entire geologic scale. And, 
a 3howc in the figure, the mouth in this ancient family, instead 
of opening, as in the ordinary sharks, under the middle of (he 
bead, I expose 'hem to the suspicion of being creatures of 
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low and embryonic chnracter, opened in a broad, bonest-look- 
ing muzzle, very much resembling that of the hog. The 
moulhs of the most ancient Placoida of which we know 
thing, did not, I reiterale, open under their heads. 

But wliy iolroduce ihe element of embryonic progress 
this question at all f It is not a question of embryonic 
gress. The very legerdemain of the sophist — the jugf 
by which he subsiiiutes his while balls for black, or con' 
his pigeons into crows — consists in the art of attaching the 
conclusions founded on the facts or conditions of one sub- 
ject, to some other subject essentially distinct in its nature. 
Gestation is not creation. The history of the young of ani- 
mals in their embryonic state is simply the history of the foetal 
young ; just as the history of insect transformation, in which 
it has been held by good men, hut weak reasoners, that there 
exists direct evidence of the doctrine of the resuriection, ii 
the history of insect transformation, and of nothing else 
True, the human mind is so constituted that it converts al 
nature into a storehouse of comparisons and analogies; am 
this fact of the metamorphosis of the creeping caterpillar 
after first passing through an intermediate period of apparent 
death aa an inert aurelia, into a winged image, seemed to 
have seized on the human fancy al a very early age, aa won- 
derfully illustrative of life, death, and the future slate. The 
Egyptians wrapped up the bodies of their dead in the chrysalis 
form, so that a mummy, in their apprehension, was simply a 
human pupa, waiting the period of ita enlargement ; and Ihe 
Greeks had but one word in their language for butterfly and 
the soul. But not the less true is it, notwithstanding, 'hat the 
facts of insect Iransformalion furnish no legitimate key lo the 
totally distinct facts of aresuireclion of the body, and of a 
ife afler death. And on what principle, then, are we to trace 
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the origiu of pdsl dynasties in the changes of the fcptua, if 
not the rise of the future dynasty Iq the tranaformaiions of 
the caterpillar f " Those [embrj'onic] characters [that of 
ihe heterocercal tail, and of the moulh of the ordinary shark 
type] are essential and importi.nl," remarks the author of the 
" Vestiges," " whatever the Ediehurgh Reviewer may aay 
to ihe contrary ; — they are the characters which, ahove all, 
I am chiefly concerned in looking lo, for they are the features 
of embryonic progress, and embryonic progress is the grand 
key lo the theory of development." Yes ; the grand key to 
the theory of fatal development ; for emhryonic progress is 
fcBtal development. But on what is the osijcriion based that 
lliey form a key to the history of creation? Aurelia are tiot 
human bodies laid out for the sepulenre, nor are hutterflies 

life of months in the uterus a succession of races for mil- 
lions of ages outside of it On what grounds, then, is the 
assertion made .' Does it embody the result of a discovery, 
or announce the message of a revelation ? Did the author of 
the " Vestiges" find it out for himself, or did an angel from 
heaven tell it him ? If it be a discovery, show us, we ask, 
igh which you have been ( 
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ucted to it ; if 
le evidence on 

I logics, whether 

1 ji^ggling of the sophist, or 

the dreamy delirium of an excited 



tioD of science, idle comparit 
produced through 
involuniaiily conjured up ii 

ll is one of the ditGculties incident to the task of replying 
to any dogmatic statement of error, that every mere annun- 
ciation of a false fact or false principle must be met by elab- 
orate counter- Btatem eat or carefully coostructed argument, i 
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and that proliiity is thus unavoidably entailed on the contro- 
verelalist who lahors to set right what his antagonist haa set 
wrong. The promulgator of error may be lively and enter- 
taining, whereas his pains-Iaking confutator runs no smali risk 
of being tedious and dull. IVlay I, however, solicit tho for- 
bearance of the reader, if, afler already spending much lime 
in skirmishing on ground taken up by the enemy, — one of 
the disadvantages incident 1o the mere defendant in a contro- 
versy of this nature, — I spend a little tnore in indicating what 
I deem the proper ground on which the standing of the earlier 
vertehrata should be decided. To the lest of brain I have 
already referred, as all-imporlant in the question : I would now 
refer to the teet of what may be tenned homological symTnetrg 
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%otiGH all animals be fitted by nature for the life which 
Iheir insliQcts teach ihem to pursue, naturalists h a vf learned 
lo recognize among them certain aberrant and mutilated 
forms, in which the type of the special class lo which they 
belong seems distorted and degraded. They esisl as the 
monster families of creation, just as among families there ap- 
pear from lime to time monster mdhiduah, — men, for in- 
stance, without feet, or hands, or eyes, or with their feet, 
hands, or eyes grievously misplaced, — aheep whh their fore 
legs growing out of Iheir necks, or ducklings with their 
wings attached to their haunches. Among ihese degraded 
tacea, that of the footless serpent, which " goelh upon its 
belly," has been long noted by ihe theologian as a race typi- 
cal, in its condiiion and nature, of an order of hopelessly 
degraded beings, borne down lo the dust by a clinging curse ; 
and, curiously enough, when the first comparative anatomists 
in the world give Iheir readiest and mosi prominent instance 
of degradation among the denizens of the natural world, it is 
this very order of footless reptiles that ihcy select. So far as 
the geologist yet knows, the Ophidians did not appear during 
the Secondary ages, when the monarchs of creation beltwged' 
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to the reptilian division, but were ushered upon the scene 
in the limes of the Tertiary deposiw, when the mnmmaliaii 
dynasty had supplanted ihtit of the Iguanodon and Megalosau- 
rus. Their ill omened birth took place when the influencp 
of their house was on the wane, as if to set such a slamp of 
utter hopelessness on its fallen condiiion, as that set by the 
birth of a worthless or idiot heir on the fortunes of a sinking 
family. The degradation of the Ophidians consists in tlie 
absence of limbs, — an absence total in by much the greater 
number of their families, and represented in others, as in 
the boas and pythons, by mere abortive hinder limbs con- 
cealed in the skin ; but they are thus not only tiwtislcrs 
through defect of parts, if I may so express myself, but 
also monsters throvgk redundancy, as a vegetative repe- 
tition of vertebra and ribs, to the number of three or four 
hundred, forms the special contrivance by which lh9 want 
of these is compensated. I am also disposed to regard the 
poison-l>ag of the venomous snakes as a mark of degra- 
dation ; — it seems, judging from analogy, to be a pro- 
tective provision of a low charocier, exemplified chiefly in 
the invertebrate families, — ants, ceniipides, and mosqui- 
toB, — spiders, wasps, and scorpions. The higher camivora 
are, we find, furnished wilh unpoisoned weapons, which, 
like those of civilized man, are suflicienily effeciive, simply 



from the excelk 
with which they 
or defence. It 

stings steeped in venom, and so i 

ily through displacement ofparli 

of degradation ; and this form, united, in s< 

the other two, we find curiously eAemplificd in the geological 



of iheir construction, and the power 
wielded, for every purpose of assault 
ily the aquaitd savages and degraded 
that have their feeble teeth and liny 
■0, and so made formidable. Monstros- 
yet another form 



OF DEGRACATIOM. 



history of the fish, — a history which, with oil i 
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miasiog porlioD9, is yet betler knowr 
division of the vertebrata. And it i: 
, a survey of the progress of degradat 
division, — a progress recorded as ' 
the rock for ever," — and not from s 
OD the cariilaginous or non-cartilaginc 
skeleton, tliat the standing of the kingly fishes of the earlier 
periods is to be adequately determined. Any other mode of 
survey, save the parallel mode which takes development 
of brain into account, evolves, we find, nothing like principle, 
and lands the inquirer in inextricable difficulties and incon- 
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In al! the higher non-degraded vertebrata we find a certain 
tmifortn type of skeleton, consisting of the head, the veriebml 
column, and four limba j and these last, in the various sym- 
metrical forms, whether exemplified in the higher (i»h, the 
' higher reptiles, the higher birds, the higher mammals, or in 
j man himself, occur always in a certain determinate order. In 
I all the mammals, the scapular bases of the fore limba begin 
opposite ihe eighth vertebra from the skull backwards, the 
! leven which go before being cervical or neck veriebrEe ; in 
the birds, — a division of the vertebrata that, from their pecu- 
I liar organization, require longer and more flexible necks than 
; the mammals, — the scapulars begin at distances from the 
I occiput, varying, according to the species, from opposite the 
I tllirteenth to opposite the twenty-fourth vertebra ; and in the 
, replilea, — a division which, according to Cuvier, " presents a 
I greater diversity of forms, characters, and modes of gait, 
than any of the other two," — they occur at almost all points, 
I from opposite the second vertebra, as in the frog, to opposite 
the thirty-third or thirty-fourth vertebra, as in some species 
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of pleaiosaurua. But m all, — whether mammals, birds, or 
undegraded reptiles, — they are so placed, that the creatures 
possess necks, of greater or less length, aa an essential portioa 
of their general tj'pe. The hinder limbs have also in all 
these three divisions of the animal kingdom tbelr typical 
place. They occur opposite, or very nearly opposite, the 
posterior lerniination of the abdominal cavity, and mark the 
line of separniion between the vertebra of the trunk (dorsal, 
lumbar, and sacral) and the third and last, or caudal division 
of the column, — a division represented in man by but four 
vertebrss, and in the crocodile by about tbirly-five, but which 
is found to exist, as I have already said, in all the more per- 
fect forms. The limbs, then, in all the symmetrical animals 
of the first three classes of the vcrlebrata, mark the three 
great divisions of the vertebral column, — the division of ihe 
necic, the dlvisioa of the trunk, and the division of the tail. 
Let us now inquire how the case stands with the fourth and 
lowest class, — that of the fishes. 

In those existing Placoids that represent the fishes of the 
earliest vertebrate period, the places of the double fins, — 
pectorals and ventrals, — which form in the ichthyic class the 
true homologues of the limbs, correspond to the places which 
these occupy in the symmetrica! mammals, birds, and reptiles. 
The scapular bases of the fore or pectoral fins ordinarily be- 
gin opposite the twelfth or fourteenth vertebra ;* but they range, 
as in man and the mammals, in a forward direction, so that the 
fins themselves are opposite the eighth or tenth. The pelvic 
bases of the ventral fins are placed nearly opposite the base of 
the abdomen, so that, as in all the symmetrical animals, the 

• The twelfth in fpiaae Aeanthiat, and the foiuteeath in SisyliMm 
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rrent opens between, or nearly between, those hinder limbs 
whicb the bases support. In the Ruys, wliich, so fur as is yet 
' in creation until the Secondary uges 
had begun, the bases of the fore limbs, i. e. pectoral fins, 
ire attached lo the lower part of a huge cervical vertebra, 
tearly equal in length to all the trunk vertebree united ; and 
n the ChimcridfG, which al^o first appear in the Secondary 
livisioD, they are attached, as in the osseous fishes, to the 

i binder part of the head. But in the representatives of rill 
those Silurinn Placoids yet known, of which the family can 
be determined, or any ihing with safely predicated, the cervical 
division is found lo occur as a series of veriebrffi ; they pre- 
sent in this, as in ibe binder portion of their bodies, the homo- 
; logical symmetry of organization typical of that vertebral sub 
Jiingdom to whicb they belong. 

In ih^ second great period of ichthylc existence, — that of 
the Old Red Sandstone, — we find the firat example, in the 
•class of fishes, of " monstrosity through displacement of parts," 
■■find apparently also — in at least two genera, though the evi- 
llfcnce on this head be not yet quite complete — of " raon- 
Kltrosily through defect of parts." In all the Ganoids of the 
B^riod, with (so far as we can determine the point) only two 
Mxceptions, the scapular bases of the fore limbs are brought 
Pfbrward from their typical place opposite the base of tlie cervi- 
■oal vertebrte, and stuck on to the occipital plate. There 
occurs, in consequence, in one great order of the ichthyic 
^laas, such a departure from the symmetrical type as would 
lake place in a monster example of the human family in 
;ivhom the neck had been annibiluted, and the arms stuck on 
to the back of the bend. And in the genera Coccosteus and 
Fterichthys we find the first example of degradation through 
defect. In lite Pterichiki/s the kinder limbs seem wanting; 
16* 



and in the Coceosteut we find no trace of the /ore limbs. The 
ODe resembles a monster of the human family born withom 
hands, and the other a monster born wlllioul kei. Ages and 
centuries pass, and long unreckoned periods come to a close ; 
and then, after the termination of the Paleozoic period, we 
see that change taking place io the form of the ichlhyic tail, 
'.o which 1 have already referred, (and to which I musl refer 
at least once more,) as singularly illustrative of the progress 
of degradation. Yet other ages and ceaturies pass away, 
during u' lich the reptile class attains to its fullest devclopmeni, 
in point of size, organization, and number; and then, after 
the times of the Cretaceous deposits have begun, we find yet 
another remarkable moiistrosily of displacement introduced 
among all the fishes of one very numerous order, and among 
no inconsiderable proportion of the fishes of another. In the 
newly- introduced Ctenoids, (Acanthopterygii,) and in those 
families of the Cycloids which Cuvier erected into the order 
Malaeoplerygii sub^brachiati, the hinder limbs are brought 
forward, and stuck on to the base of the previously misplaced 
fore limbs. All the four limbs, by a strange monstrosity of 
displacement, are crowded into the place of the extinguished 
neck. And such, at the present day, is the prevalent type 
among fishes. Monstrosity through defect is also found to in- 
crease ; so that the snake-like apoda, or feet-wonting fishes, 
form a numerous order, some of whose genera are devoid, aa 
in the common eels and the congers, of only the binder limbs; 
while in others, aa in the genera Mursna aad Synhmnchus, 
both hinder and fore limbs are wanting. In the class of fishes, 
as fishes now exist, we find many more evidences of the mon- 
strosity which results from both the misplacemenl and defect 
of parts, than in the other three classes of the vertebraia united; 
and knowing their geological liislory belter than thai of any of 
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the oihera, we know, in consequence, that the monstrosities 
did not appear early, but late, niid tiiat the progress of the 
nco as a whole, though it still retains not a. few of the higher 
forms, has been a progress, not of development from the low 

the high, but of degradation from the high to the low. 

The reader may murk for himself, in the flounder, plaice, 
halibut, or lurhoi, — fishes of a family of which there appears 
BO trace in the earlier periods, — an extreme example of the 
degradaiioQ of distortion superadded to that of displacement, 
first glance the limbs seem but to exhibit merely the 
tural misarmngement and misorder common 
to the Acantlioplerygii and Suh-hraehiati ; — the base of the 
[lectorals are stuck on to tlia head, and the base of the ven- 
Ihat of the pectorals. From the circum- 
etance, however, that the creature is twisted half round and 
laid on'its side, we find that at least one of the pairs of 
double fins — the pectorals — perform the part of single fins, 
ne projecting from the animal's superior, the other from 
iferior side, in the way the anal and dorsal (ins project 
from the upper and under surfaces of other fishes ; while its 
real dorsal and anal fins, both developed very largely, and — 
in order to preserve its balance — in about an equal degree, 

id wonderfully correspondent in form, perform, from their 
Intera! position, ilie functions of single fins. Indeed, at a first 
iglance they seem the analogues of the largely -developed pec- 
torals of a very different family of flat fishes, — the Rays. 
It would appear as if single and double fins, by some such 
mutual agreement as that which, according to the old ballad, 
ftiok place between the churl of Auchtermuchly and his 
wife, had agreed to exchange callings, and perform each the 
work of the other. The 'ail, loo, possesses, in consequence 
of the twist, not the vertical position of other fish-tails, but 



is spread ou; hoiizonlally, like Ihe taib of the cetacea. It is, 
however, in the head of the ftouader aod ils cogeners Ihat 
we find ihe more exiroordinary dislortions esemplified. In 
order to accommodate it to the general twist, which rendered 
lateral what in other fishes is dorsal and abdominal, and dor- 
sal and abdominal what in other fishes is lateral, one half its 
features had to be twisted to thn one side, and the other half 
to the other. The face and cranium have undergone such a 
change as that which the human face and cranium would un- 
dergo, were the eyes to he drawn towards the left ear,and the 
moulh towards the right. The skull, in consequence, exhibits, 
in its fixed bones, a strange Cyclopean character, unique 
among the families of creation: it has ils one well-marked 
eye orbit opening, like that of Polyphemus, direct in the middle 
of the fore part of its head ; while the other, external to the 
cranium altogether, we find placed among the free bones, di- 
rectly over the maxillaries. And Ihe wry mouth — twisted ia 
the opposite direction, as if to keep up such a balance of de- 
formity as that which the breast-hump of a hunchback forms to 
the hump behind — is in keeping with the squint eyes. The 
jaws are strangely asymmetrical. In symmetrical fishes the 
two bones that compose the anterior half of the lower jaw are 
as perfecdy correspondent in form and size as the left hand or 
left foot is correspondent, in the human subject, to the right 
hand or right foot ; but not such their character in the floun- 
der. The one is a broad, short, nearly straight Jione ; ihe other 
is larger, narrower, and bent like a bow ; and while the one 
inly from four (o six teeth, the other contains from 
thirty to thirty-five. Scarcely in the entire ichlhyic kingdom 
are there any two jaws that less resemble one another than the 
iwo halves of the jaw of the flounder, turbot, halibut, or plaice. 
The intermaxillary bones are equally ill matched: the one is 




Till!) twice the sze of the other, and conlaina about thrice as 
ronny leeih. T.iat bilateral symmetry of the skeleton which 
invariable a c ha raci eristic of the vertebrata, thai ordinary 
observers, who have eyes for only the rare and the uncom- 
inon, full to remark it, but which a Newton could regard as so 
mderfitl, and so thoroughly in harmony wiih the uniformity 
of the planetary system, has scarce any place in the aaymmet- 
'rical head of the flounder. There exists in some of our north 
country fishing villages an ancient apologue, wjiich, though 
t remarkable for point or meaning, at least serves to show 
tiial this peculiar example of distortion the rude fishermen of 
rmer age were observant enough to detect. Once on a 
time the fishes met, it is said, to elect a king ; and their 
choice fell on the herring, " The herring king ! " contempt- 
uously exclaimed the flounder, a fish of consummate vanity, 
and greatly piqued on this occasion that its owa presumed 
iClaims should have been overlooked ; " whore, then, am I ? " 
•And straightway, in punishment of its conceit and rebellion, 
3 eyes turned to the back of its head." Here is there a 
story palpably founded on the degradation of misplacement 
«Dd distortion, which originated ages ere the naturalist bad 
lecognized either the term or the principle. 

It would be an easy matter for an ingenious theorist, not 
)ch disposed to distinguish between the minor and the 
isler laws of organized being, to gel up quite as unexcep- 
tionable a theory of degradation as of development. The 
Doe-eyed, one-legged Chelsea pensioner, who had a child, un- 
born at the time, laid to his charge, agreed to recognize his 
Telalionship to the little creature, if„on its coming into the 
world, it was found to have a green patch over its eye, 
and a wooden leg. And, in order to construct a hypothesis 
of progressive degradation, the theorist has but to take for 



grunted Ihe transmission to oiher generatuns of defects b 
compensating redundaofies at once aa extreme and acciden- 
tal as the losa of eyes c; limbs, and the acquisition of timber 
legs or green patches. The snake, for instance, he might re- 
gard oa a saurian, that, having accideDliilly lost its limbs, ex- 
erted itself to such acojunl throughout a series of generations, 
in making up for their absence, as to spin out for itself, by dinl 
of writhing and wriggling, rather more than a hundred ad-' 
dhional verlebrtB, and to alter, for purposes of greater flexibJl* 
ily, the structure of all the rest. And as fishes, when neariy 
stunned by a blow, swim for a few seconds on their side, he 
might regard the flounders as a race of half-stunned fishes, pre- 
viously degraded by the misplacement of their limbs, that, 
instead of recovering themselves from the blow given lo some 
remote parent of the family, had expended all their energies in 
twisting their mouths round to what chanced lo be the under 
side on which Ihey were laid, and their eyes lo what chanced 
to he the upper, and that made their pectorals serve for anal 
and dorsal fins, and their anal and dorsal fins serve for pecto- 
rals. But while we must recognize in nature certain laws of 
disturbance, if I may so speak, through which, within certain 
limits, trails whiuh are the result of habit or circumstance in 
the porenls are communicated lo their offspring, we would 
err as egregiously, did we take only these into account, with- 
out noting that infinitely stronger antagonist law of reproduc- 
tion and restoration which, by ever gravitaling towards the 
original type, preserves the integrity of races, as the astrono- 
mer would, who, in constructing his orrery, recognized only 
that law of propulsiog through which the planets speed 
througii the heavens, without taking into account that unlag- 
onist law of gravitation which, by maintuining them in their 
orbits, insures the regularity of their movements. The law 
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"ef restoration would recover and right the Biunned fish hiid 
|9 side; the law of reproduction would give limhs to ihe 
uOfTspring of the mutilated saurian. We have evidence, in 

the extremeness of the degradation in these cases, that it 

cannot be a degradation hereditarily derived from accident. 
^ature ia, we find, active, not in perpetuating the accidental 
Irjroodcn legs and green patches of ancestors in their d>!< 
iMcendants, but in restoring to the offspring the true limbs 
I eyes which the parents have lost. It is, however, not 
••with a theory of hereditary dcgrada'.ion, but a hypothesis of 
•{gradual development, that 1 have at present to deal ; and 

■what I have to establish as proper to the present stage of my 
.argument is, that this principle of degradation really esials, 
'and that the history of its progress in creation bears directly 
■ against the assumption that the earlier verlebrata were of a 

■lower type than the vertebrala of the same ichlhyic claes 
1- which esist now.* 



> It will scarce be urged BgalnsC the degradation tlieory, thai 
%ose races which, tried hy the tests of defect or miBplaccmGnt of 
<^Tt8, we deem degraded, iire not I<Das fitted for carrying on what 
Jn tbeir own little Bpherea 13 the proper business of lifb, than the 
n-degraded orders and families. The objection is, however, a 
possible one, and one which a single remark raay serve to obviate, 
a certainly tiue that ihe degraded f&milies ara thoroughly fit- 
ted for the peribnnanee of all the work given them to do. They 
^eatly increase when placed in favorable circumstances, and, when 
Tigorons and thriving, enjoy existence. But then the aame may 
be said of all animals, without leferccce to their piece in the 
'•cole; — the mollusc is as thoroughly adapted to its circumstances, 
as fitted to accomplish the end proper to its being, as the mnm- 
irOQS quadruped, and the mammiferoua quadruped as man him- 
self; but ttie fact oi perfect adaptation in no degree invalidates the 
Bther not less certain tact of difference of rank, nor proves that the 
jDoUusc is equal to the quadruped, oi the quadruped to man. And, 
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Tlie progress of the ichlhjic tail, as recorded in geologic 
history, corresponds with that of the ichthyic limbs. And 
aa in the existing state of things we find fishes that nearly 
represent, in this respect, all the great geologic periods, — I 
say Ttearlt/, not fuliy, for I am acquainied with no fish ade- 
quately representative of the period of the Old Red Sand- 
stone, — it may be well to cast a glance over the contemporary 
series, as illuatraltve of the consecutive one. In those Placoids 
of the shark family that lo a large brain unite homological 
symmelry of organization, and represent the fishes of the 
first period, we find, as I have already shown, that the ver- 
tebrffi gradually diminish in the caudal division of the 
column, until ibey terminate in a point, — a circumstance 
iq which they resemble not merely the beiailed reptiles, but 
also all the higher mammlferous quodnipeds, and even man 
himself. And it Js this peculiarity, stamped upon the less de- 
structible portions of the framework of the tail, — vertebrae 
and processes, — rather than ihe one-sided or heierocercal 
form of ihe surrounding fin, composed of but a mucoidal 
substance, that constitutes its grand oharaclerislic ; seeing 
that in some Placoid genera, such as Scyllium Slellare, the 
terminal portion of the fin is scarce less largely developed 
above than below, and that in others, as in most of the Ray 
family, the under lobe of the fin is wholly wanting. In the 
sturgeon, — one of the few Ganoids of the present lime, — we 
become sensible of a peculiar modification in this heterocer> 



of course, the remark equally bears on the reduetd as on tte Kneie- 
ooMrf, — on lowncBS al place when a result of degradation in rice* 
pertaining to k higher division of animnla, as on lownesa of place 
when a result of the humble standing of the division to which Kb* 
iBcea belong. 
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eal type of tail ; (he lower lobe is, wc find, composed, as in 
>^nnax and Scgllium, of raya esclusively ; while through the 
centre of ihe upper lobe there runs an acutely angular patch 
of lozenge- shaped plates, like that which runs through the 
centre of the double tins of Dipterus and the Ctrlacanths. 
; sharks the gradually diminishing vertehrta 
Btnnd out in bold relief, and form the thickest portics of the 
tail, that which representa them in the sturgeon (ihc angular 
fatch) is slim and thin, — slimmer in the middle than even al 
■fee sides ; — in part a consequence, no doubi, of the want, 
fish, of solid verlebrfe, but a consequence ilso of the 
extreme attenuation of the nervous cord, in its prolongation 
into the lobe of the fin. Further, the rays of the tail — 
its peculiarly ichthyic portion, which are purely raucoidal in 
^inai, Sc]/lliam, aad Ceslraciozi — have become osseous In 
Ihe sturgeon. ThejtaA has set and become Jixed, as cement 
in a building, or colors are fixed by a mordant. And 
worthy of special remark that, correspondent with the 
'|>ecullarly ichthyic development of tail in this fish, we find 
lie prevailing ichthyic displacement of the fore limbs. 
Again, in the Lepidosteus, another of the true Ganoids 
which still exist, the internal angle of the upper lobe of the 
wholly disappears, and with the internal angle the pro- 
longation of the nervous cord. Still, however, it is what ihi; 
ttil of the sturgeon would become were the angular patch to 
he obliterated, and rays substituted instead, — it is a tail set on 
tiwry. And in this fish also we find the ichthyic displacement 
fore limb. One step more, and wo arrive at the horao- 
cercai or equal-lobed tail, which socms to attain to its 
naoGt extreme type in those fishes in which, as in tiie perch 
And flounder, the last vertebral joint, either very little or very 
abruptly diminished in size, expands into broad processes 
17 
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without homoIoguG in the higher animals, on which the cilu 
dol rays rest as their bases. And id by much the larger 
proportion of these fishes all the four limbs are slung round 
the neck ; — ihey at once eKhi bit the homocercal tail in its 
bfoadesi type, and displacement of limb in its most extreme 

Now, ia tracing the geologic history of the ichthyic tail, 
we find these several steps or gradations from the helerocercal 
;o the homocercal, represented by periods and formations. 
The Siiurao periods may be regarded as representative of that 
true heterocercnl tail of the Placoids, exemplified in Spinax, 
(page 172, fig. 48,) and Ceilracion, {page 177, fig. 49.) The 
whole caudal portion of this latter animal, commencing imme- 
diately behind the ventrals, is, as becomes a true tail, slim, 
when compared with its trunk; the vertebne are of very 
considerable solidity ; the rays mucoidal ; and where the 
spinal column runs into the terminal fin, it takes such an up- 
ward turn as that which the horse-jockey imparts, by the 
process of nicking, to the tails of the hunter and the race- 
horse. And with the helerocercal tail, so true in its homolo- 
gies to Ihe tails of the higher vertebrata, we find associated, 
as has been shown, the true homological position of the fore 
limbs. With the commencement of the Old Red Sandstone 
(lie ganoidal tail first presents itself; and we become sensible 
of a change in the structure of the attached fin, similar to that 
exemplified in the cavidal rays of the sturgeon. As shown by 
the irregularly- angular patch of scales which in all the tnie 
C'telacantbs, and almost all the Diplerians,* runs through the 



■ The Tertobral column in the gtmus Diphpttria nin, as io ihc 
pkcoid tjenus Scyllivm, itenrlf thiougli tliG midtlle of tHe c»od«l 
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igiper lobe of the fin, and lerminales in a point, (see fig. 50,) 
it must have ooaseased the gradually diminishing vertebne, or 




a diminishing spinal cord, their analogue ; but the rays, fairly 
tel, as their slate of keeping in the rocks certify, exist aa nar- 
row oblong plates of solid bone ; and iheir anterior edges are 
Blrengthened by a line of osseous defences, that pass from 
scales into roya. And in harmonious accompaniment with 
this fairly stereotyped edition of the ichthyic tail, we find, in 
the fishes in which it appears, ilie first instance of displace- 
ment of limb, — the bascaof the pectorals being removed from 
their original position, and stuck on to the nape of the neck. 
It may be remarked, in passing, that in the tails of two ganoid- 
b1 genera of this period, — the Coccosleus and Plerichthys, — 
die analogies traceable lie rather in the direction of the tails 
of the Rays than in those of the Sharks ; and that one of 
these, the Coccosleus, seems, as has been already intimated, 
to have had no pectorals, while it is doubtful whether in the 
Pterichlhys the pectorals were not attached to the shoulder, 
instead of the head. In the Carboniferous and Permian 
■yslems there occur, especially among the numerous species 
of the genus Falaxnisats, tails of the type exemplified by thn 
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internal angle of ihe lail of the sturgeon : the lozenge-ahaped 
scales run in acutely lingular patches through their upper iobes ; 
but such is their extreme flatness, as shown by the disposition 
of the enamelled covering, that it appears exceedingly doubt- 
ful whether any verlebral column ran beneath ; — they seem 
but to have covered greatly diminished prolongations of 
the spinal cord. lo the base of the Secondary division, 

— another long stage towards the existing state of things, 

— we find, with the homoccrcal lail, which now appears 
for the first time, numerous tails like that of the Lepidos- 
teus, (fig. 51,) of an intermediate type; — they are rather 

Fig. SI. 




tails set on awry than truly helerocercal. The diminished 
nord has disappeared from among the fin rays. In the nu- 
merous Lepidoid genus, and the genera Semionatus and Telra- 
gomlepis, — all ganoidal fishea of the Secondary period, 
— this intermediate style is very marked ; while in their 
contemporaries of the genera Unsus, Microdon, and Pyeno- 
■due, we find the earliest examples of true homocercal tails. 
And in the Glenoids and Cycloids of the Chalk the homo- 
cereal tail receives its fullest development. It finds bases for 
its rays in broad non-homological processes, that spread oul 
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behind abruptly -lerminaling vertebne, (Tig. 53,) in ilie s 




period in which, by a strange proceaa of degradation, the 
four ichlhyic limbs are firat gathered into a cluster, and hung 
about the neck." 



■ In the following dingram a few ainaple linea serve to oxhibil 
the progress of degrudatioii. Fig. a rcprcBents iko Bjmmctrical 
Placoiiy of thB Silurian period, consisting of head, neck, tody, toil, 
fore linihs and hinder limbs ; iig. b represents Ikoso heterocercal Gb 
noids of the Old Red Sandstone, Coal Meaaures, and Permian System, 
a which the nei:k ia extinguisbed, and the fore limbs stuck on to the 
I occiput i fig. c, those hnmocercal Ganoids of the Trias IJHB, Oolite, and 



Silurian. Old Red, ic. Liaa, S: 
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I am uwore, ibal by some very distinguished comparative 
annlomists, among Ihe rest Professor Owen, the attaclimeni, 
BO common among fishes, of the scapular arch aod the fore 
limhs to [he occipilal bone, is regarded, not as a disph 
but as a normal and primary condition of the part! 
nizing in the scapular bones the rihs of the occipital eentmm. 
llie annlomists of this school of course consider them, when 
found nniculaied to the occiput, as in their proper and origi- 
nal place, and as in a slate of natural dislocation when 
moved, as in all the reptiles, birds, and mamnmls, farther 
down. We find Professor Oken borrowing support to his hy. 
pothesis from this view. The limbs, he tells us, are simply 
ribs, that in the course of ages have been set free, and httve 
become by development what they now are. And it is un 
questionably a curious and interesting fact, that there are cer- 
tain animals, such as the crocodile, in which every centrum oF 
the Tertebral column, and of every vertebra of the head, has 
its ribs or rib-like appendages, wiih the esceptitm of the oc- 
cipital centrum. And it is another equally curious fact, thai 
there is another certain class of animals, such as the osseous 
horn-covered fishes, with theSturionidte, Salamandroidei.andal 
least one genus among the Placoids,(theChimEeroidei,) in which 
this occipital centrum bears as its ribs the scapular bones, 
with tlieir appendages the fore limbs. It is the centrum without 
ribs that is selected in these animals as the centrum to which the 

Wealden, whose tails spread out into broad terminal praceasea, with- 
out liomologue in the higher animals ; &g. d, those Acanthopteiygii 
of the Cbalk that, in addition to the non-homological procesgea, 
have both fore limbs and hinder limbs stuck round the head ; wMls 
lig. t repieaents the asymmetrical Platessa, of the some period, with 
■me of its eyes in the middle of ita head, and the other thrust out Eo 
the side. 



scapular rifis should be ailached. Be it remembered, liuw- 
ever, Iha'i while it is unquesiionably the part of the compara- 
tive anatomist to determine the relations and homologies of 
those parts of which all animals are composed, and to inter- 
pret the signiticancy in the scale of being of tho various 
modes and forms in which they exist, it is as unquestionably 
the part of the geologist to declare their history, and the 
order of their succession tn lime. The questions which fall 
o be determined by the geologist and anatomist are entirely 
different. It is the function of the anatomist to decide re- 
garding the high and the low, the typical and the aberrant ; 
and so, beginning at what is lowest or highest in the scale, or 
least or most symmetrical in type, he passes through the in- 
termediate forms to the opposite extreme : and such is the 
order natural and proper to his science. It is the vocation of 
ihe geologist, on ilie other hand, to decide regarding the early 
Rnd the late. It is with tinte, not with raiilc, that he has tc 
deal. Nor is it in the least surprising that he should seem at 
B with the comparative anatomist, when, in classifying his 
groupes of organized being according to the periods of their 
appearance, there is nn order of arrangement forced upon 
him, different from that which, on an entirely different prin- 
ciple, the anatomist pursues. Nor can there be a better 
illustration of a collision of thia kind, than the one furnished 
by the case in point. That peculiarity of structure which, as 
Ihe lowest in the vertebral skeleton, is to the comparative 
anatomist the primary and original one, and which, as such, 
furnishea him with his starting point, is to the jjeologist not 
I primary, but secondary, simply because it was not primary, 
t secondary, in Ihe order of its occurrence. It belongs, 
so far as we yet know, not to the ^rsl period of verte- 
brate pxisience, but to the second ; and appears in 
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history as does that savage slate which certain philosophers 
liave deemed the original condition of the human species, in 
thp history of civilization, when read by the light of the Re- 
vealed Record, under the shadow of those gigantic ruins of 
the East that date only a few centuries after the Flood. It is 
found to be a degradation first introduced during the lapse of 
an intermediate age, — not the normal condition which ob- 
tained during the long cycles of the primal one. It indicates, not 
thestarting point from which ilie race of creation began, but the 
stage of relrogradation beyond itatwhich the pilgrims who set 
out in a direction opposite lo that of the goal lirsl arrived.* 

• I would, however, tospectfulljr auggest, that that theory of cer- 
ehrnl TcrtebrLG, on uhich, in this question, the comparative anatO' 
miats proceed as their principle, and which fiiida as little support jn 
the geologic record from the actaal hiatorj of the fore limba as from 
the actual history of the bones of the cranium, ma; be more inge- 
nioua than sound. It ja a shrewd circumstacce, that the rocka refuse 
to teatifj in its favor. Agassiz, I And, decides agitiuat it on other 
than geological grounds ; and hia conclusion ia certainly rendered 
not the lesa worthy of careful considcracion by the fact that, yielding 
to the force of evidence, his views on the auhjecl underwent a thor- 
ough change. He had first held, and then rejected it. "I have 
shared," he aaya, ■' with a multitude of other naturalists, the opinion 
which regards the cranium as composed of veitebrte ; and I am coa- 
sequoutly in aomo degree culled upon to point out the motives which 
have induced mo to reject it." 

" M. Oken," he continues, " was the first to assign this aiguifleatioa 
to the bones of the crunium. The new doctrine ho expounded wM 
received iu Germany with great enthusiasm by the school of the 
philoBophcrs of nature. The author conceived the cranium to con- 
sist of three vertebras, and the basal occipital, the sphenoid, and the 
ethmoid, were regarded oa the central parts of these cranial vertebne. 
On these alleged bodiea of vertebra?, the arches eoreloping the cea- 
tral parts of the nervous system were raised, while on the oppoMta 
aide were attached the inferior pieces, which -went to form the vege- 
tative arch destined to embraca the intestinal ctmeX and the Uage 
Teasels. It would be too tediaus to enumerate ic thia place tha 
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This fact of oegradation, stranfrely indicated in geologic 
iistory, with reference lo all the greater divisions of the 
.animal kingdom, has of^en appeared to me a. Burpassingly 
wonderful one. We can see but imperfectly, in those twi- 
light depths to which all such subjects necessarily belong ; 
and yet at times enough does appear to show us what a 
very superficial thing infidelity may be. The general ad- 
Tance in creation has been incalculably great. The lower 
divisions of the verlebrala preceded the higher; — the fish 



ehanges which each author introduced, in order to modify this mut- 
ter bo bh to make k suit his own views. Some went the length of 
affirming that the veitcbrs of the head were as complete aa those of 
the trunk ; and, by means of yarioua dismembenncntB, fleparatiaiis, 
and combinations, all the forms of the ciaiimm were referred to the 
Tertebrte, by admitting that the n.urabcr of pieces was inTariably 
fixed in every head, and that all the vertebrata, whatever might bo 
their organization in other respCcts, had in their heada the same 
Unmher of points of osaification. At a later period, what was erro- 
neous in this manner of regarding the subject was detected ; but 
file idcR of the vertebral composition of the head was still retained. 
It ^as admitted as a general law, that the cranium was eomposed »f 
tkiee primitiTe vertebrse, as the embryo is of three blastodermic leaf- 
lets ; hut thnt these vertobrffi, like the leaflets, existed only ideally, 
and thai their prescacc, although easily demonstrated in certain cases, 
could only be slightly traced, and with the greateat difficulty, in 
other instances. The notion thus laid down of the virtual existence 
of cranial vertebrae did not encounter very great opposition ; it could 
not be denied that there waa a certain genera! reaemblitncD botwcen 
the osseous ease 'of the brain and the lachldian canal i the occipital, 
in particular, had all the chatactcrietic features of a vertebra. But 
■whenever an attempt was made to push the anaJogy further, and to 
detenoina rigorously the anterior vertebrae of the cranium, the ob- 
server found himself arrested by insurmountable obstacles, and h« 
fras obliged always to revert to the virtual existence. 

■' In order to explain my idea clinrly. let me hare recourse to an 
■ example. It is certain that organized bodies are sometimes endowed 
"with virtual qualities, which, at a c ertoin period of the being's life, 
dode dis8;clloti, and all our means of investigation. It is thus, that 



tM 



preceded the reptile, the reptile preceded the bird, (he bird 
preceded the mammiferous quadruped, and the mammiferoua 
■juadniped preceded man. And yet, is ihere one of these 
great divisions in which, in at least soine prominent feature, 
the present, through this mysterious element of degradation, 
IS not inferior to the past? There was a time in which the 
ichthyic form constituted the highest example of life ; but 
he seaa during that period did not swarm with fish of tlte 
degraded type. There was, in like manner, a time when all 



St the moment of their origin, the eggs nf oil animals have Buch s 
TMCcabloiiCe to Each atliDr, that it would be imposaible to diatiiigulsh, 
erea by the aid of the most powerful miccoacopo, the ovarial egg of 
a craw-fish, fot example, from that o( true Qah. And yet who would 
deny that beinga in every respect different from each other exist in 
thera eggs ? It is precisely because the difference manifests itself M 
a latot periad, in proportion as the embryo develops itself that we 
ue authotiied to conclude, that, even jrom tho earliest period, the 
eggs were different, — that each had virtual qualitiea proper to itacl^ 
although they could not he discovered by onr eensea. If, on the con- 
trary, any one should find two egga perfectly alike, and should 
observe two beings perfectly identical issue from them, he would 
greatly orr if he ascribed to these egga dilferent virtual qualities. It 
is therefore necessary, in order to be in a condition to suppose that 
virtual properties peculiar to it are concetdcd in sn animal, that these 
properliea should manifest themselves once, in some phase or other 
of its development. Now, applying this principle to the theory of 
cranial vertebra, we should say, that if these vertebra virtually esist 
in the adult, they must needs show themselves in reality, at a certain 
perioi of development. If, on the contrary, tbey are found neither 
in the embryo nor the adult, I om of opinion that we are entitled 
likewise to dispute their virtual existence. 

"Here, however, an objection may he made tome, drawn from 
the phyaiologioal value of the vertebnc, the function oE which, as ii 
well known, is, on the one hand, to furnish a solid support to the 
muscular contractions which determine the movements of the trun^ 
and, on the other, to protect the centres of the nervous syalem, by 
forming a more or leas solid caite completely around them. Tha 
•wdiea of the vetlebr^ ate particularly destined to the first of these 
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a and all the herbivorous quadrupeds were repre- 
3tiled by reptiles; but tliere are no such maguifieent repliloa 
u the earth now as reigned over it then. There was an 
afYer time, when birds seem to have been the sole represen- 
tatives of the warm-blooded ituimals ; but we find, from the 
prints of their feet lefl iu suadslone, that the tallest men 
night have 

" Walked indor their liuge legs, and peopod about." 

Further, there was aa age when the quadrupedal mammals 

officea; the neurapopliyseB to the second. What ciiq bo more natu- 
ral than to admit, from the conEideration of this, that in tha head, 
the bodies of the vertobrsD diminish in propoTtLoD as the moving 
function becoroea lost, wbOe the nenrnpophysea nre considerably de- 
veloped for protecting the hrain. the volume of which ia very consid- 
erable, when Dompored with that of the spinal marrow ! Huvo wo 
I esampk of this fact in tha vertebra; of the toil, where the 

neurapophyaea Iwcoma completely obliterated, and a simple cylin- 
drical body alone remuna ? Now, may it not lie the case, that in the 
head, the bodies of the vertebne have disappeared ; and that, in coti- 
, Bcquencc, there is a prolongation of the cord only as far as the 
inctiona of the vertebrie extend ? There is some truth in 
lent, and it would be difficult to refute it a priori. But it 
s force the moment that we enter upon a detailed eiamin- 
Btion of the bonea of the head. Thuj, what would we call, accord- 
.0 thia hypothesis, the principal sphenoid, the great winga of the 
jphenoid, and the ethmoid, which farm the floor of the cerebral cav- 
ity i It may be said they are apophyses. But the apophyses pro- 
. tect the nervous centres only on. the aide and aboTC. It may be 
,«aid that they are the bodies of the vertebrie. But they are fanned 
without the concurrence of the dorsal cord ; they cannot, therefore, 
be the bodies of the Tcrtobnc. It must therefore be allowed, that 
theae bones at leaat do not enter into the vertebral type ; that they 
re peculiar. And if this be the ease with them, 
why may not the other protective plates bo equally independent of 
_the vertebral typo; the more so, bec;auso the relations of the fron- 
B and parieCals vary so much, that it would be almost impossible 
assign to them a constant place ■ " 
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wore llie magnalea of creation ; but it was an age in which 
sagacious elephant, now extinct, save in the comparatively 
amaU Asiatic and African circles, and restricted to two 
species, was the inhabitant of every country of the Old 
World, from its southern extremity to the frozen shores of 
the northern ocean ; and when vast herds of a closely allied 
and equally colossal genus occupied its place in the New. 
And now, in the times of the liigh-placcd human dynasty, — 
of (hose formally delegated monarchs of creation, whose 
nature it is to look behind them upon the past, and "before 
ihem, with mingled fear and hope, upon the future, — do we 
not as certainly see the elements of a state of ever-aiaking 
degradation, which is to exist for ever, as of a state of ever- 
increasing perfectibility, to which there is to be no end? 
Nay, of a higher race, of which we know but little, this 
much we at least know, that they long since separated into 
two great classes, — that of the " elect angels," and of " an- 
geli that kept not their first estate." 



^ 



THE SILDHIAN MOLLUSCS. 



205 

4 

rHE I 



ANCIENT TREE. 



Afteb dwelling al such leriglh on the earlier fishes, it may 
■cem scarce necessary to advert to their lower contemporaries 
the moliusca, — that great division of the animal kingdom 
which Cuvier places second in the descending order, in his 
survey of the entire series, and first among the invcrle- 
brates ; and which Okea regards as the division out of which 
the immediately preceding class of the vertebral animals have 
been developed. " The fish," he aays, " is to he viewed as a 
mussel, from between whoso shells a monstrous abdomen 
has grown out." There is, however, a peculiarity in the mol- 
loscan group of the Silurian system, to which 1 must be per- 
mitted briefly to refer, as, to employ the figure of Sterne, it 
presents " two handles " of an essentially different kind, and 
as in all such two-handled cases, the mere special pleader is 
sure to avail himself of only the handle which best suits his 
purpose for the time. 

Cuvier'a first and highest class of the moliusca ia formed 
of what are termed the Cephalopods, — a class of creatures 
possessed of great freedom of motion ; they can walk, swim, 
ftad seize their prey ; ihcy have what even the lowest fishes, 
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such as the lancelei, want, — a brain enclosed in a cartilagi- 
nous cavity \a the head, and perfectly formed orgaia of sight ; 
ihey possess, loo, what is found in no other mollusc, — organs 
of hearing ; and in sagacity and activity they prove more than 
matches for tho smaller fislies, many of which they overmas- 
ter and devour. With this highest class there contrasts an 
exceedingly low molluscous class at the hottom of the scale, 
or, at least, nt what is now the bottom of the scale ; for Ihey 
constitute Cuvier's Jifth class ; while his sixth and last, the Cir- 
rhopodes, has been since withdrawn from the molluscs alttv- 
gelher, and placed in a different division of the animal king- 
dom. And this low class, the Brachiopods, are creatures that, 
living in bivalve shells, unfurnished with spring hinges to throw 
them open, and always fast anciiored to the same spot, can bui 
thrust forth, through ihe interstitial chinks of their prison- 
houses, spiral arms, covered with cilia, and wtauow the water 
for a living. Now, il so happens thai the molluscan group of 
the Silurian system is composed chiefly of these two extreme 
classes. It contains some of the other forms; but they are 
few in number, and give no character to the rocks in which 
they occur. There was) nothing by which I was more im- 
pressed, in a visit to a Silurian region, than that in its an- 
cient graveyards, os in those of the present day, though in 
a different sense, the high and the low should so invariably 
meet together. It is, however, not impossible that, in even 
the present state of things, a similar union of the extreme 
forms of the marine mollusca may be taking place in deep- 
sea deposits. Most of the intermediate forms provided with 
shells capable of preservation, such as the shelled Gastero- 
poda and the Conchifers, are either littoral, or restricted to 
mparatively small depths ; whereas the Brachiopoda are 
sheila ; and the Cephalopoda may be found voyaging 
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iai from land, in die upper strata of the sea above them. Even 
-le seas ihat surround ourown island, the Brachiopodous mol- 
es — terebraiula and crania — have been found, ever since 
deep-sea dredging became conimon, to be not very rare shells ; 
] in the Mediterranean, where they are less rare still, 
3ta of Argonauts, tlie repreaentaUves of a highly organized 
nily of the Cepbalopods, to which it is now believed [he 
Bellerophon of the Palu:azoic rocks belonged, may be seen 
akimming along the surface, with sail and oar, high over the 
profound depths in which they lie. And, of course, when 
death comes, that comes to high and low, the remains of both 
Argonautsand Brachiopods must lie together at the. bottom, in 
beds almost totally devoid of the intermediate forms. 

Now, the author of the " Vestiges," in maintaining hia 
hypothesis, suspends it on the handle furnished him by the 
hnmense abundance of the Silurian Brachiopods. The Silu- 
n period, he says, exhibits " a scanty and most defective 
development of life ; so much so, that Mr, Lyell calls it, par 
'excellence, the age of Brachiopods, with reference to the by 
no means exalted bivalve shell-fish which forms its pre. 
dominant class. Such being the actual state of the case, I 
must persist in describing even ihe fauna of this age, which 
we now know was not the first, as, genemlly speaking, such 
a humble exhibition of the animal kingdom as we might ex- 
pect, upon the development theory, to find at an early stage 
of [he hislorj' of organization," The reader will at once dis- 
cern the fallacy here. The Silurian period was peculiarly 
age of Brachiopods, for in no other period were Brachio- 
pods so numerous, specifically or individually, or of such size 
or importance ; whereas it was not so peculiarly an age oi 
Cephalopoda, for these we find introduced in still greater num- 
bers during the Liasic and Oolitic periods. In 1848, when 
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P.ofossoT Edward Forbes edited the Paiieontological map tif 
Britain and Ireland, which forms one of the very admirable 
series of " Johnstone's Physical Alias," the Cephalopoda of 
the Silurian rocks of Englarid and Wales were estimated at 
forty-eight species, and the Brachiopods at one hundred and 
fifty; whereas at the same date there were two hundred 
and five Cephalopods of the Oolitic formations enumerated, 
and but fifty-four Brae hJopodg. It is the molluscs of the infe- 
rior, not ibosa of the superior class, that constitute (with their 
contemporaries the Trilobites) the characteristic fossils of the 
Silurian rocks ; and hence the propriety of the distinctive 
name suggested by Sir Charles LycU. But in the develop- 
inent question, what wo have specially to consider is, not the 
manbers of the low, but the itanding of the high. A country 
may be distinctively a country of flocks ano herds, or a country 
of the carnivorous mammalia, or, like New South Wales or 
the Galapagos, a country of marsupial animals or of reptiles. 
Its human inhabitants may be merely a few hunters or shep- 
herds, too inconsiderable in. numbers, and too much like 
their brethren elsewhere, to give it any peculiar standing as 
a home of men. But in estimating the highest point in the 
scale to which the animal kingdom has attained within its 
limits, it is of its few men, not of its many beasts, that we 
must lake note. And the point to be specially decided re- 
garding the organisms of the Silurian system, in this ques- 
tion, is, not the proportion in number which the lower forms 
bore to the higher, but the esact rank which the higher bore 
in the scale of existence. Did the system furnish but a 
single Cephalopod or a single fish, we would yet have as 
certainly to determine that the chain of being reached as high 
Bs the Cephalopod or the fish, as if the remains of these crea- 
ures constituted its most abundant fossils. The chain of 
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niiTial life reached quite as high on the evening of the skth 
, when the human family was restricted lo a 
"■■ringle pair, as it does oqw, whea our statists reckon up by 
millions the inhabitants of the greater capitals of the world; 
and the special pleader who, in asserting the contrary, would 
vioust on de.ierminitig Ihe point, not by the ra'ti!: of the men 
Bf £den, but by the number of minnows or Bticklebncks that 
Bwarmed in its rivers, might be perhaps deemed ingenious in 
tiis expedients, but certainly not very judicious in the use of 
them. It is worthy of remark, however, tliottlieBrachiopods 
of those Palaeozoic periods in which the group occupied such 
large space in creation, consisted of greatly larger and more 
important animals than any which it contains in the present 
day. It has yielded to what geological history shows to be 
tbe common fate, and sunk into a state of degradation and 
I'^line. 

k The geological history of the vegetable, like that of the 
■njmal kingdom, has been pressed into the service of the 
■jftvelopment hypothesis ; and certainly their respective 
leourses, both in actual arrangement and in thetr relation lo 
human knowledge, seem wonderfully alike. It is not much 
more than twenty years since it was held that no exogenous 
plant existed during the Carboniferous period. The frequent 
occurrence of ConiferE in the Secondary deposits had been 
conclusively determined from numerous specimens ; but, 
founding on what seemed a large amount of negative evi- 
dence, it was concluded that, previous to the Liasic age, 
nature had failed to achieve a tree, and that the rich vege- 
tation of the Coal Measures iiad Ijeen exclusively composed 
of magnificent immattirities of the vegetable kingdom, — 
of g;igantic ferns and club-mosses, thM attained to the size of 
I ibrest trees, and of thickets of the swamp-loving horsetail 
I 18* 



rainily of planfs, ihat well nigh rivalled ii. height those fo^ 
ests of masts whicl darken the rivers of our great ooramereinl 
cities. Such was the v'levf promulgated by M. Adolphe 
Brongniart ; and it may be well to remark that, so far i 
evidence on which it was based was positive, the vie* 
sound. It is a fact, that inferior orders of plants were de- 
veloped in those ages in a style which, in their present state 
of degradation, they never exemplify: ihey took their place, 
not, as now, among the pigmies and abortions of c 
among its tallest and goodliest productions. It is, however, 
not a fuel that they were the highest vegetable forms of their 
time. True exogejous trees also existed in great numbers 
and of vast size. In various localities in the coal fields 
of both England and Scotland, — such as Lennel Braes and 
Allan Bank in Berwickshire, High-HewoTth, Fellon, Gates- 
head, and Wideopen near Newcastle-upon-Tyne, and in 
quarries to the west of the city of Durham, — the most 
abundant fossils of ihe system are its true woods. In the 
quarry of Crajgleith, near Edinburgh, three huge trunks have 
been laid open diiring die last twenty years, within the apace 
of about a hundi'cd and HAy yards, and two equally a 
trunks, within half that space, in the neighboring quarry of 
Granton, all low in the Coal Measures. They lie diagonally 
athwart the strata, — at an angle of about thirty, — with the 
nether and weightier portion of their boles below, like anagsi 
in the Mississippi; and we infer, from their general direction, 
that the stream to which they, reclined must have flowed from 
nearly north-east to south-west. The current was probably 
that of a noble river, which reflected on its broad bosom Ihe 
shadow of many a stalely trfle. With the e 
of lite Granton specimens, which still retains its strong-kneed 
roots, they aie all mere portions of trees, rounded at both 
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!a, fts if by aftrilion or decay ; and yet one of these por- 
Ooaa me istires about six feet in diameler by sixty-one feet in 
length; another four feet in diameter by seventy feet in 
length ; and the others, cf various Ihicknesa, but all bulky 
lough to equal the masts of large vessels, range in length 
from thirty-six to forty-seven feet. It seetna strange to one who 
ifcrives his supply of domoslic fuel from the Dalkeith and 
Falkirk coal-fields, that the Carboniferous flora could ever have 

n described as devoid of treea. lean scarce take up apiece 
of coat from beside my study fire, without detecting in it fmg- 

Qts of carbonized wood, which almost always exhibit the 
characteristic longitudinal fibres, and not unfrequently the 
medullary rays. Even the trap-rocks of the district enclose, 

iome instances, iheir masses of lignite, which present in 

ir transverse sections, when cut by tlie lapidary, the net- 
like reticulations of the conifera. The fossil botanist, wlio 
Jdevoled himself chiefly to the study of microscopic structure, 
>uld have to decide, from the facts of the cose, not that 
trees were absent during the Carboniferous period, but that, 
in consequence of their having been present in amazing 
numbers, their remains had entered nriore palpably and exlen- 
^ely into the composition of coal than those of any other 
Vegelabie.* So far as is yet known, they all belonged to the 



It is Btated by Mr. Witham, that, " except in a 
bad metrettually tried, with tto aid of the microaoope, to obtain BomB 
insighC into the structure of coal. Owiug," he adiia, "to its great 
<ipBcit7> irhlcli is probablj- due to mechanical pressure, the ncUon of 
ehemical sfSnity, and the percolation of acidulous waterH, all traces 
of organisation appear to have been obliterated." I have heard the 
late Mr. Sanderson, who prepared for Mr. Witbam most of the apeci- 

is figured in hia well-known work on the " Internal Structure ol 
Fossil Vogetablca," and from whom the mnterialB of his a1 



two great divisions of ihe coniferous family, 

pinea. The huge trees of Craigleith and Granlon were of the 

former lrfbe,and approximale more neaily io Altingia exceha, 
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iioa point seem to liave been derived, make a aimUor remark. It wai 
rare, he said, to find a bit of coal that exhibited the organic atriu- 
ture. The case, however, is far otherwise ; end the iagenioua me- 
chanic and his employer were misled, simply by the eircumstance, 
tbHt it is rare to find ptccca of coal wMeb exhibit tho ligneous fibre, 
existing in a state of keeping solid enough to stand the grinding of 
the lapidary's wheel. The lignite usually occurs in thin layers of s 
substance resembling soft charcoal, at which, from the loose adhesion 
of the fibrea, the coal splits at a stroke ; and as it cannot be prepared 
as a transparency, It is best examined by a Stuihope lens. It will 
be found, tried in this manner, that so far is vegetable fibre irom 
being of rare occurrence in coal, — our Scotch coal at least, — that 
almost every cubic inclL contains its hundreds, nay, its thDuaaodi, of 
cells. 
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file Norfolk-lElanci pine, — a nolilo araucarian, that rears its 
proud head from a hundred and sisty to two hundred feet 
over the soil, and exhibits a green and luxuriant breadth of 
foliage rare among the Conifera;, — than any other living tree. 

Beyond the Coal Measures terrestrial plants become ex- 
tremely rare. Tiie fossil holanisi, on taking leave of the 
lower Carboniferous beds, quits the land, and sets out to sea ; 
and it seems in no way surprising, thai the specimens which 
he there addi to his herbarium should consist mainly of Fiica- 
eett and Confervea. The development hypolhesia can borrow 
no support from the simple fact, that while a high terrestrial 
vegetation grows upon dry land, only algse grow in the sea; 
and even did the Old Bed Sandstone and Silurian systems fur- 
nish, as their vegetable organisms, fucoids exclusively, the 
evidence would amo'.int to no more than simply Ihts, that the 
land of ths Palaeozoic periods produced plants of the land, and 
the sea of the Paleozoic periods produced plants of the sea 

In the Upper Old Red Sandstone, — the formation of the 
Holoptyehias and the Slagonolepis, — the only vegetable re- 
3iains which I have yet seen are of a character so exceedingly 
obscure and doubtful, that all I could venture to premise re- 
garding Ihem is, that they seem to be the fragments of sorely 
■comminuted fucoids. In the formation of the Middle Old 
Bfid, — that of the Cephalaspis and the gigantic lobster of Car- 
'taylie, — the vegetable remains are at once mi 
■letter defined. I have detected among the gray n 
sandstones of Forfarshire a fucoid furnuibed with a thick, 
iquat stem, that branches into numerous divergent leaflets or 
&onds, of a slim parallelogrummical, grass like form, and 
which, as a whole, somewhat resembles the scourge of cords 
i handle with which a boy whips bis top And 
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ir Fleming describes a still more remarkable vegetn.- 
ble organism of tho same formation, " which, occurring 
ihe form of circular, flat patches, composed each of numer- 
ous smaller contiguous circular pieces, is altogether not unlike 
what might be expected to result from a compressed berry, 
such as the bramble or rasp." In the Lower Old Eed, — 
tho formation of the Coccosteus and Cheiracanthus, — the re- 
mains of fucoids are more numerous still. Tht're are gray 
slaiy beds among the rocks of Navily, that owe their fissile 
character mainly to their layers of carbonized weed; . 
"among the rocks of Sandy-Bay, near Thurso," says Mr. 
Dick, " the dark impressions of large fucoids are so nun 
ous, that they remind one of ihe interlaced boughs and I 
bulky pine-trunks that lie deep in our mosses." A portior 
a stem from the last locality, which I owe to Mr. Dick, mt 
uros three inches in diameter ; but the ili-compacted cellular 
tissue of the algce is but indifferently suited for preservation ; 
and so it exists as a mere coaly film, scarcely ha:lf a line in 
thickness. 

The most considerable collection of the Lower Old Bed 
fucoids which I have yet seen is that of the Rev. Charles 
Clouston of Sandwick, in Orkney, — a skilful cultivator of 
geological science, who has specially directed his palasontol- 
ogical inquiriL'E on tho vegetable remains of the flagstones of 
bis district, as the department in which most remained to be 
done ; but his numerous specimens only serve to show what 
a poverty-stricken flora that of the ocean of the Lower Old 
Red Sandstone must have been. I could delect among them 
hut two species of plants; — the one an imperfectly pre- 
Berved vegetable, more nearly resembling a ciub-moea than 
aught e.9e whi^h I have seen, but which bore on its surface, 
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Dstead of tlie well-marked scales of the Lycopodiacea, irreg- 
r rows of luberclea, that, when elongated in the profile, 
imea happens, might be mistaken for minute, ill-de- 
fined leaves; the other, a smooth-stemmed fucoid, existing 
on the stone in most cases as a mere film, in which, however, 
ijhickly-set longitudinal fibres are occasionally traceable, and 
"which may be always distinguished from the other by its 
larp-edged outline, and from the circumstance that its stems 
ContiDUG to retain the same diameter for considerable distances, 
afler throwing off at acute angles numerous branches nearly 
I bulky as themselves. In a Thurso specimen, about two 
feet in length, which I owe to the kindness of Mr. Dick, there 
terns conlinvious throughout, that, though they ramify 
in that space into from Bi\ to eight branches, are nearly as 
Jhick atop as at bottom. They are the remains, in all proba- 
iillty, of a long, flexible weed, that may have somewhat 
resembled those fucoids of the intertropical seas, which, 
streaming slantwise in the tide, rise cot unfrequently lo the 
surface in from fifteen to twenty fathoms of water ; and 
, notwithstanding their obscurity, they ore among the most 
(perfect specimens of their class yc found, and contrast with 
lately araucarians of the Coal Measures, in a style which 
cannot fad to delight the heart of every assertor of the de- 
"relopment hypothesis, I present them to the reader from Mr. 
Dick's specimen, in a figure (fig. 54) which, however 
■light its interest, has at least the merit of being true. 
The stone exhibits speciinens of the two species of Mr. 
'Clouston's collection, — the sharp-edged, finely-striated 
a, and that roughened by tubercles, b ; which, besides 
itinctive character mani Tested on its surface, dif- 
fers from the other in rapidly losing breath with every 
branch which it throws off, and, in consequence, runs soon 



to B point The cut on the opposite page (fig. 55) repre- 
sents not inadequBlelir the cortico! peculiarities of the two 
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apecies when best preserved. The surface of ihe tubercledonB 
will perhaps remind the Algologist of the knobbed aurfaco of 
the thong or reoeplacle of Himanthalia lorea, a recent fucoid, 
common on the western coast of Scotland, but rare on the 
east. An Orkney specimen lately sent me by Mr. Wiiiiam 
Watt, from a quarry at Skaill, haa much the appearance 
cf one of the smaller ferns, such as the moor-worts, sen 
■pleen-wods, or maiden-huira. It exists ns 

a ground of dark gray, i 

that, like minute figures 



D diluted black, o 
liftrpnessof outhn 



ind has so Utile 
in oil-paintings, 
n*9 lenglli than 
•emains to show 
ine plant. The 



seems more distinct when \ 
En microscopically e 
t it must have been a 

:ompanying print {fig. 56) may be regarded as no un- 

failhful representation of this unique fossil in its state of 

mperfecl keeping. The vegetation of the Silurian system, 

from its upper beds down till where we reach the zero of life, 

I is, like that of the Old Red Sandstone, almost exclusively 

I fucoidal. In the older fossiliferous deposits of the system in 

I Sweden, Russia, the Lake Districts of England, Canada, and 

B United Stales, fucoids occur, to the esclusion, so far as is 
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ancient marine plants of ancient marine deposits, and, 09 sucli, 
lend quite aa little support to the developmer. hypothesis aa 
the recent algs of our existing seas. The case, stated in its 
most favorable form, amounts simply to this, — that at certain 
eariy periods, — represented by the Upper and Lower Silu- 
rian and the Old Red deposits, — the seas produced sea-plants; 
Bnd that, at a certain later period, — that of the Carbonifcroiia 
ayslem, — the land produced land-plants. But even ihis, did 
it stand alone, would be a loo iiivorable statement. I have 
seen, on one occasion, the fisherman bring up wiih his nets, 
far in ihe open aea, a wild rose-bush, that, though it still bore 
its characteristic thorns, was encrusted with serpula, and 
laden with pendulous lobuluria. It had been swept from its 
original babitut by some river ia flood, that had undermined 
end torn down the bank on which it grew ; and aficr float- 
Sng about, mayhap iat months, had become so satumted 
Vith water, that it could float no longer. And in that single 
■faiae-bush, dragged up to the light and air from its place 
among Sertularia, Plustra, Serpula, and the deep-sea fucoids, 
I had as certain an evidence of the existence of the dico- 
tyledonous plant, as if I had all the families of the Bosacem 
before me. Now, we are furnished by the more ancient for- 
toalioos with evidence regarding the existence of a terres- 
trial vegetation, such as that which the rose-bush in this easn 
hupplied. We cannot expect that the proofs should be nu- 
merous. In the chart of the Pacific attached to the better 
Seditions of " Cook's Voyages," there are several notes along 
"■the tract of the great navigator, that indicate where, in mid 
■ocean, trees or fragments of trees had been picked up. 
These entries, however, are but few, though they belong to 
all the three voyages together : if I remember aright, there 
only five entries in all, — two in the Northern, and three 



in (lie Southern Pacific. The tloaliag shrub or tree, at a 
great distance from land, is of rare occurrence in even the 
present scene of things, though the breadth of land be great, 
and trees numerous ; and in the times of the Silurian and Old 
Red Sandstone systems, when the breadth of land was ap- 
parently not great, and trees and shrubs, in consequence, not 
numerous, it must have been of rarer occurrence still. We 
learn, liowever, from Sir Charles Lyell, that in the " Hamil- 
ton group of the United States, — a series of beds that cor- 
responds in many of its fossils with the Ludlow rocks of 
England, — plants allied to the Lepidodendra of the Carbonif- 
erous type are abundant ; and that in the lower Devonian 
strata of New York the same plants occur associated with 
ferns," And I am able to demonstrate, from an interesting 
fossil at present before me, thai there existed in the jieriod 
of the Lower Old Red Sandstone vegetable forms of a class 
greatly higher than either Lepidodendra or ferns. 

In my little work on the Old Red Sandstone, 1 have rttferred 
to an apparent lignite of the Lower Old Red of Cromarty, 
which presented, when viewed by the microscope, mariis of 
:he internal fibre. The surface, when under the glass, re- 
sembled, I said, a bundle of horse-hairs lying stretched in par^ 
alkl lines : and in this specimen alone, it was added, bad I 
found aught in the Lower Old Red Sandstone approaching to 
proof of the existence of dry land. About four years ago I had 
this lignite put stringently Id the question by Mr. Sanderson ; 
and deeply interesting was the result. I must first mention, 
however, that there cannot rest the shadow of a doubt regard- 
ing the place of the organism in the geologic scale. It is une- 
lally a fossil of the Lower Old Red Sandstone. I found il 
partially embedded, with many other nodules half- disinterred 
by the sea, in an iehthjolitic deposit, a few hundred yards te 




die east of the town of Cromarty, which occurs more tliait 
. four hundred feet over ihe Great Conglomcralc base of the 
system. A nodule that lay immediately beside tt cuntained a 
well- [I reserved specimen of the Coccosteus Decipicns ; and in 
die Dodule '\a which the lignite itself Ls contained, (iig. 57,) 

Fig. 67. 
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the pmctised eye may detect a scattered group of scales of 
Diplaeanthus, a scarce less characteristic organism of tlie lower 
formation. And what, asks the reader, is the character of 
&\s very ancient vegetable, — the most ancient, by three 
whole formations, that has presented its internal structure 
to the microscope ? la it as low in the scale of development 
Bs ID ihe geological scale ' Does this venerable Adam of the 
forest appear, Iiite the Adam of the infidel, as a squalid, ili- 
formed savage, wilh a rugged shaggy nnlurc, which it would 
iwquire the suggestive necessities of many ages painfully to 
lick into civilization J Or docs it appear ratlier like the Adam 
19* 



of the poet and ihe theologian, !□ dependent, in ils 
oeously •derived perfection, of all after development ? 



" Adam, the goodliest ir 
His sons." 



r cellular, or, like that of some of the 
late ? Or what, in fine, is the nature 
e but emphatic testimony, on that dor- 
evelopmenl of late so strangely resus 



Is its tissue vascular ( 
cryptogamia, intermed 
and bearing of its mu 
trine of progressive c 
citated ? 

In ihe first place, then, this ancient fossil ia a true wood, — 
a DicotyledoDous or Polycoiyledonous Gjmnojrperai, that, like 
.he pines and larches of our exisiing forests, bore naked seeds, 
which, in their state of germination, developed either double 
lobes to aheller the embryo within, or shot out a fringe of ver- 
ticillate spikes, whicli performed the same protective fuoc- 
lions, and that, as il increased in bulk year after year, received 
its accessions of growth in outside layers. In the transYerse 
section the cells bear the reticulated appearance which distin- 
guish the coniferEe, (fig. 58, a ;) the lignite had been exposed 
in its bed to a considerable degree of pressure ; and so the open- 
ings somewhat resemble the meshes of a net that has been 
drawn a little awry ; but no general obliteration of their origi- 
nal character has taken place, save in minute patches, where 
they have been injured by compression or the bituminizing - 
process. All the tubes indicated by the openings are, as in re- 
cent coniferaj, of nearly the same size ; and though, as JD 
many of the more ancient lignites, there are no indications of 
annual rings, the direction of ihe medullary raya is dislinclly 
traceable. The longitudinal sections are rather less distinct 
! ; in the section parallel to the ra- 
dius of the Ete'n or bole the circular disks of the conifeni! 
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a. Tramverae leclion. 

b. Zoagitudinal aerlion, (parallel to radius, or meduUary royi.) 

c. Longitudinal aedioii, (iangtatai,or parallel to the bark.} 
(Mag. forty dianiBterfl,) 

at first not at al! delected ; and, as since shown by a 
Tery fioe microscope, lliey appear simply as double and triple 
Gnes of undefined dots, (i,) that somewhat resemble the alip- 
gled markings of the miniature painter; nor are the open- 
ing of the medullary raya frequent in the tangental section 
(*. e. that parallel to the bark,) (c ;) but nothing can be belter 
defined than the peculiar arrangement of the woody fibre, 
ind the longitudinal form of the cells. Such is the character 
if this, the most ancieiit of lignites yet found, that yields ro 
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tlie microscope the peculiariliea of its original struclure. Wo 
fiad in it an unfailen Adam, — not a ha If- developed savage.* 
The olive le^f which the dove brought !o Noah eatablisheii 
at least Ihree important facts, and indicated a few more. 
It showed most conclusively that there whs dry land, ihnt 
there were olive trees, and that the climate of the sur- 
rounding region, whatever change it might have undergone, 
was still favorable lo the development of vegetable life. 



a point of such importance I find it necesaajy to strengthen 
r by Huxiliary evidence. The following is the judg- 
ment, on this ancient petrifaction, of Mr. Niool of Edinburgh,— 
confessedlj' one of our highest living authorities in that diviaion of 
fossil tiDtan]' which takes cognisance of the internal strueturo of 
lignites, uid decides, from th^ anittomy, theii race and fuoil j : — 

"Edinburgh, IDlh July, 18i5. 
"DbA£ Sib, — I have examined the structure of the fossil wood 
which you found in the Old Red Sandstone at Cromarty, and have 
no hesitatioQ in stating, that the reticulated texture of the trans- 
verse BGctiona, though Bomewhat compreaaerl, clearly indicates a 
coniferous origin : hut as there is not the slightest trace of n disd 
to be seen in the longitudinal ecctiona paiallel to the medullary 
rays, it is impossible to aay whether it belonga to the Pine or Arau- 
carian diviiiion. I am, kc, 

" WlLLIiX NlCOL." 

It will be scon that Mr. Nicol failed to dolect what I now dcora 
the discs of this conifer, — those stippled markings to which I have 
referred, and which the engraver has indicated in no exoggaiated 
style, in one of the longitudinal sections i_b) of the wood-cut given 
above. But even were this portion of the evidence wholly want- 
ing, we would he left in doubt, in consequence, not whether the 
Old Had lignite formed part of a true gymnospermoua tree, bat 
whether that tree is now represented by the pines of Europe and 
America, or by the araucarians of Chili and Now Zealand. Were 
I to risk an opinion in a depiirtroent not particularly my provinoe; 
it would be in favor of an araucnrian relationaldp. 
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And, furllier, U might be very safely inrerreil from it, lljat if 
<dive trees had aurvived, other trees and plants must have 
Rurvj'ved also ; and thai the dark muddy proininenccs round 
which the ebbing currents were fast sleeping la lower levels, 
would soon present, as in antediluvian times, their coverings of 
cheerful green. The olive leaf spoke not of merely a partial, 
but of a general vegeiaiion. Now, the coniferous lignite of 
Ihe Lower Old Red Sandstone we find charged, like the olive 
leaf, with a various and singularly interesting evidence. It is 
something to know, that in the limes of the Coccosleus and 
Asterolepis there existed dry land, and that that land wore, as 
at after periods, its sofi, gay mantle of green. It is some- 
thing also to know, tiiat the verdant tint was not owing to u 
profuse development of the mere immaturities of the vege- 
table kingdom, — crisp, slow-growing lichens, or watery spore- 
propagated fungi that shoot up 1o their full size in n night,— 
nor even to an abuudance of the more highly organized fam- 
ilies of the liverworts and the mosses. These may have 
abounded then, as now ; though we have not a shadow of 
evidence that tliey did. But while wo have no proof what- 
ever of t/ieir existence, we have conclusive proof that there 
existed orders and families of a rank far above them. On 
the dry land of ihe Lower Old Red Sandstone, on wliich, 
according to the theory of Adolphe Brogniart, nothing higher 
ihan a lichen or a moss could have been expected, the ship> 
carpenter might have hopefully taken aae in hand, to explore 
the woods for some such stately pine as the one described by 
Milton, — 

"Hewn on NarwpgiaQ bills, to be the mast 
Of Home great admiral.- 

Viewed simply in its picturesque aspect, this oline leaf of 
the Old Red seems noi at all devoid of poetry. We sail 
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upwards into the high geologic zonea, passing from anciem 
to Btill more ancieat scenes of being; and, as wo voyago 
along, find ever in the surrounding prospect, as in the esisiing 
scene from which we set out, a graceful intermixture of land 
and water continent, river, and sea. We first coast along 
the land o" the Tertiary, inhabited hy the strange quadrupeds 
of Cuvier, and waving with the reeda and palms of the Paris 
Basin ; the land of the Wealden, with its gigantic iguanodon 
rustling amid its tree ferns and its cycadete, cornea next; 
then comes the green land of the Oolite, with its little pouched 
insectivorous quadruped, its flying reptiles, its vast jungles of 
the Brora equisetum, and lis forests of the Helmsdale pine; 
and then, dimly as through a. haze, we mark, as we speed OD, 
the thinly scattered islands of the New Red Sandstone, and 
pick up in our course a large floating leaf, veined like that of 
a cabbage, which doi a little puzzles the botanisls of the ex- 
pedition. And now we near the vast Carboniferous coDtinent, 
and see aiong the undulating outline, between us and the sky, 
the strange forms of a vegetation, compared with which that 
of every previously seen land seems stunted and poor. We 
speed day ai^er day along endless forests, in which gigantic 
club-mosses wave in air a hundred feet over head, and skirt 
interminable marshes, in which thickets of reeds overtop the 
mast-bead. And, where mighty rivers come rolling to the 
sea, we mark, through the long-retiring vistas which they open 
into the interior, the higher grounds of the country covered 
with coniferous trees, and see doddered trunks of vast size, 
like those of Griinlon and Craigleith, reclining under the banks 
in deep muddy reaches, wilh their decaying tops turned adown 
the current. At length the furthermost promontory of this 
long range of coast comes full in view : we near it, — we 
have come up abreas if it : we see the shells of the MouH' 



tain Litrjstone glitlering while along its further shore, and 
the green defjtha under our keel lightened by the flush of 
innutneral)1e corals; and then, bidding farewell to the land 
forever, — for so the geologists of but five years ago would 
have advised, — we launch into the unmeasured ocean of the 
Old Red, wiih its three consecutive zones of animal life. 
Not a single patch nf [and more do those geologic charts 
exhibit which we still regard as new. The zones of the 
Silurian and Cumbrian succeed the zones of the Old Red ; 
and, darkly fringed by an obscure bank of cloud ranged 
along the last zone in the aeries, a night thot never dissipates 
settles down upon the deep. Our voyage, like tlwit of the old 
fabulous navigators of five centuries ago, terminates on the 
sea in a thick darkness, beyond which there lies no shore and 
there dawns no light. And it is in the middle of this vast 
ocean, juat where the last zone of the Old Sed leans against 
the first zone of the Silurian, that we have succeeded in dis- 
covering a solitary island unseen before, — a shrub-bearing 
land, much envelo|icd in fog, but with hills that at least look 
green in the distance. There are patches of floating sea- 
weed much comminuted by the surf all around it; and on 
one projecting headland we sea clear through our glasses a 
cone-bearing tree. 

This certainly is not the sort of arrangement demanded 
by the exigencies of the development hypothesis. A true 
wood at the base of the Old Bed Sandstone, or a true Placoid 
in the Limestones of Balo, very considerably beneath the base 
of the Lower Silurian system, are untoward misplacements 
for the purposes of the Lamarckian ; and who that has 
watched the progress of discovery for ihe last twenty years, 
and seen the place of tho earliest ichihyoliie transferred from 
die Carboniferous to the Cambrian svsiem. and ihat of the 






ihe oak an 

rcplile, that the reptile pre 



earliest exogenous lignite from ihc Lias lo the Lower De- 
voDian, will now veniure to say lliat fossil wood may not 
yet be detected as low in the scale as aoy vegetable organism 
whatever, or fossil fish as low as the remains of a 
But though the response of llie earlier geologic 
thus unfavomble to the development hypothesis, may not 
men such as the aulhor of the " Vesligea " urge, that the 
geologic evidence, taken as a whole, and in its bearing on 
groupcs and periods, establishes the general fact that the 
lower plants and animals preceded the higher, — that the 
conifera, for instance, preceded our true forest trees, auch as 
that, in like manner, the 6sh preceded 
:eded the bird, that the bird 
preceded the mammiferoua quadruped and the quadrumnna, 
and that the mammiferoua quadruped and the quadrumana 
preceded man? Assuredly yea! They may and do urge 
that Geology furniahes evidence of such a succession of ex- 
istences; and the arrangemeut seems at once a very won- 
derful and very beautiful one. Of ihat great and imposing 
procession of being of which this worid has been the scene, 
Ihe programme has been admirably marahalled. Bui the 
order of the arrangement in no degree justifies the inference 
based upon it by the Lamarckian. The fact that fishes and 
reptiles were created on an earlier day than the beasts of the 
field and the human family, gives no ground whatever for 
the belief that " the peophng of the earth was one of a 
natural kind, requiring time," or that Ihe reptiles and fishes 
have been not only the predecessors, but also the progenitors 
of the beasts and of man. The geological phcnomeaa, 
even had the author of the " Vestiges " been consulted 
in their arrangement, and permitted to determine their se< 
qucnce, would yet have failed to furnish, not merely an 
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adequate foundation for the development hypothesis, but even 
tiie slightest presumption in its favor. In making good the 
assertion, may I ask the reader to follow me through the 
details of a simple though somewhat lengthened illustration ? 

20 
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Sevehal thousand years ago, ere the upheaval of the sat 
of our raised beaches, there existed somewhere on the B: lish 
coast a submarine bed, rich in sea-weed and the less destruc- 
tible zoophytes, and inhabited by the commoner cruatoceie 
and molluscs. Shoals of herrings frequented it every auiumn, 
haunted by their usual enemies the dog-ftsh, the cod, and the 
porpoise ; and, during the other seasons of the year, it woa 
swum over by the ling, the hake, and the turbot, A con- 
siderable stream, that traversed a wide extent of marshy 
country, waving with flags and reeds, and in which the frog 
and the newt bred by millions, entered iho sea a few hun- 
dred yards away, and bore down, when in AocmI, its modicum 
of reptilian remains, some of which, sinking over the sub- 
marine bed, found a lodgmenE at the bottom. Portions of 
reeds and Hags were also occasionally entombed, with now 
and then boughs of the pine and juniper, swept from ihe 
higher grounds. Through frequent depositions of earthy 
matter brought down by the streamlet, and of sand thrown 
up by the sea, a gradual elevation of the bottom went on, 
till at length the deep-sea bed came to exist as a shallow 
bank, over which birds of the wader family stalked mid-leg 
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deep when plying for food ; nnd on one occasion a small por- 
poise, losing his way, and getting entangled amid its shoals, 
perished on it, and left his carcass to be covered up by its 
mud and silt. That elevation of the land, or recession of thn 
sen, to which the country owes ils last acquired marginal strip 
of soil, took place, and the shallow bank became a flat 
meadow, raised some six or eight feet above the sea-level. 
II orbs, shrubs, and trees, in course of time covered it over; 
and then, as century succeeded century, it gathered atop a 
thick stratum of peaty mould, embedding portions of birch 
and hazel bushes, and a few doddered oaks. When in this 
Blate, at a comparatively recent period, an Itali.- n boy, ac- 
companied by his monkey, was passing over it, when the poor 
monkey, hard-wrought aod ill-fed, and withal but indiiTer- 
ently suited originally for braving the rigors of a keen 'lorlh- 
ern climate, lay down and died, and his sorrowing tiiasler 
covered up the remains. Not many years after, the mutilated 
corpse of a poor shipwrecked sailor was thrown up, during a 
nighi-storm, on the neighboring beach : it was a mere frag- 
ment of the human frame, — a mouldering unsightly mass, do- 
composing in the sun ; and a humane herd-boy, scooping out a 
Bhallow grave for it, immediately over that of the monkey, 
buried il up. Last of all, a farmer, bent on agricultural im- 
provement, furrowed the fiat meadow to the depth of some 
tax or eight feet, by a broad ditch, that laid open its organic 
contents from top to bottom. And then a philosopher of the 
school of Maillet and Lamarck, chancing to come that way, 
rteppcd aside to examine tiie phenomena, and square them 
with his theory. 

First, along the bottom of the deep ditch he detects marine 
organisms of a low order, and generally of a small size. 
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Theru are dnrk indistinct markings traversing the gray silt 
which he correctly enough regtirJs as the remains of fucoids ; 
and blent with these, he finds the stony cells of flustra, the 
calcareous spindles of the sea-pen, the spines of echinus, 
and the thin granular plates of the Crustacea. Layers of mus- 
sel and pecten shells come next, raised up with the shells of 
bucciniim, natica, and trochus. Over the shells there occur 
defensive spines of the dog-fish, blent with the button-like, 
ihornset boucles of the ray. And the minute skeieiiins of her- 
rings, with the vertebral and cerebral bones of con, rest over 
these in turn. He finds, also, well-preserved bils of reed, and 
a fragment of pine. Higher up, the well-marked bones of 
the frog occur, and the minute skeleton of a newt ; higher 
still, the bones of birds of the diver family ; higher still, the 
skeleton of a porpoise ; and still higher, he discovers that of a 
monkey, resting amid the decayed boles and branches of dicot- 
yledonous plants and trees. He pursues his search, vastly 
delighted to find his doctrine of progressive development so. 
beautifully illustrated ; and last of all he delects, only a few 
inches from the surface, the broken remains of the poor sailor. 
And having thus collected his facts, he seta himself to collate 
them with his hypothesis. To hold that the zoophytes had 
been created zoophytes, the molluscs molluscs, the fishes 
fishes, the reptiles reptiles, or the man a man, would be, ac- 
cording to our philosopher, alike derogatory to the Divine wis- 
dom and to the acumea and vigor of the human intellect : 
it would he " distressing to him to he compelled to picture the 
poteer of God, as put forth in any other mtamer than in those 
tlow, mysterious, universal laws, which have so plainli/ an 
etemily to work in ; " nor, with so large an amount of evi- 
'ience before him as that which the ditch furnishes, — evidence 
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conclusive lo Itie effect ihal creation is but development, — does 
he find h necessary either lo cramp his faculties or outrage his 
taste, by a weak yielding lo the requiremeuts of any such belief, 
eanwhile the farmer, — a plain, observant, elderly mau, 
ea up, and he and the philosopher euler 
"I have been reading the history of c 
of your deep ditch," says the philosopher, " and find the 
record really very complete. Look there," he adds, pointing 
to the unfoasiliferous strip that runs along the bottom of the 
bank; "there, life, both vegetable and animal, first began. 
ll began, struck by electricity out of albumen, as a con- 
geries of minute globe-shaped atoms, — each a hollow 
Bphere within a sphere, as in the well-known Chinese puz- 
jsle ; and from these living oloms wore all the higher forms 
developed. The ditch, of course, exhibits none 
of ihe atoms with which being first commenced ; for the 
I't keep ; — we merely see their place indicated by 
that unfosailiferous band at the bottom ; but we may detect 
immedialely over it almost the first organisms into which — 
parting thus early into the two great branches of organic be- 
they were developed. Tiiere are the fucoids, first-born 
among vegetables, — and tJiere the zoophytes, well nigh the 
lowest of the animal forms. The fucoids are marine plants ; 
for, according to Oken, ' all life is from the sea, — none from 
the continent;' but there, a few feet higher, we may sec the 
emains of reeds and flags, — semi-aqueous, semi-aerial plants 
if the comparatively low monocotyledonous order into whici 
he fucoids were developed ; higher still we detect fragmetits 
rf pines, and, I think, juniper, — trees and shrubs of the land 
if an intermediate order, into which the reeds and flags were 
developed in turn ; and in that peaty layer immedialely be- 
neath the vegetable mould, there occur boughs and trunka 
20* 
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of UaCiienea oak, — a noble tree of ihe dicolylodonous 
divisioD, — the highest la which vegetation in ita upward course 
has yet attained. Nor is the progress of the other great branch 
of organized being — that of the animal liingdom — less dis- 
tinctly traceable. The zoophytes became Crustacea and mol- 
luscs, — the Crustacea and molluscs, dog-fishes and herrings, 
— the dog-fish, a low placoid, shot up chiefly into turbot, cod, 
and ling ; but the smaller osseous fish was gradually convert- 
ed JDlo a bairachinn reptile ; in short, the herring became a 
frog, — on animal that still testifies to its ichtbyological 
origin, by commencing life os a fish. Gradually, in the 
course of years, the reptile, expanding In size and improving 
in faculty, passed into a worm-blooded porpoise ; the porpoise 
at length, tiring of the water as he began to know better, 
quitted it altogether, and became a monkey, and the monkey 
by slow degrees improved into man, — yes, into man, my 
friend, who has still o tendency, especially when just shooting 
up to hia full stature, ond studying the ' Vestiges,' to resume 
the monkey. Such, Sir, is the true history of creation, as 
clearly recorded in the section of earth, moss, and silt, which 
you have so opportunely laid bare. Where that ditch now 
opens, the generations of the man atop lived, died, and were 
developed. There flourished and decayed his great-great- 
great- great- grand father the sea-pen, — his great- great-great- 
grandfathsr the mussel, — his great- great -grand father the her- 
ring, — his great-grandfather the frog, — his grandfather the 
porpoise, — and his father the monkey. And thera also lived, 
died, and were developed, the generations of the oak, from the 
kelp-weed and tangle to the reed and the flag, and from the 
reed and the flag, to the pine, the juniper, the hazel, and the 
birch." 

' Master," replies the farmer, " I see you are a scholar. 
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nnd, I suspect, a wag. It would lake a great deal of believ- 
ing to believe a'l thai. In the days of my poor old neigh- 
bor the infidel weaver, who dieJ of delirium tremens thirty 
jreara ago, I used to read Tom Paine ; and, as I was a liltle 
wild at the time, I was, I am afraid, a bit of a sceptic. It 
wasn't eaay work always lo be as unbelieving as Tom, espe- 
cially when the conscience within got queasy ; but It would 
be a vast deal ea.iier, Master, to doubt with Tom than lo 
believe with you, I am a plain man, but not quite a fool ; 
and aa I have now been looking about me in this neigh- 
borhood for the last forty years, I have come lo know 
that it gives no assurance that any one thing grew out of 
any other thing because it chances lo be found atop of il, 
Master. See, yonder is Dobbin lying lazily alop of his 
bundle of hay; and yonder liltle Jack, with bridle in hand, 
and he in a few minutes will be slop of Dobbin. And all I 
see in that ditch. Master, from lop to bottom, is neither more 
nor less than a certain top- upon -bottom order of things. I see 
Bets of bonoB and dead plants lying on the fop of other sets 
of bones and dead plants, — things lying alop of things, as I 
say, like Dobbin on the hay and Jack upon Dobbin. I 
doubt not the sea was once here. Master, just as it was once 
where you see the low-lying Seld yonder, which I won from 
it ten years ago. I have carted tangle and kelp-weed where 
I now cut clover and rye-grnsa, and have gathered periwinkles 
where I now see snails. But it is clean against experience, la 
my poor old neighbor the weaver used to say, ■ — against my 
experience. Master, — that it was the kelp-weed that become 
the rye^grass, or that the periwinkles freshened into snails. 
The kelp-weed and periwinkles belong to those plants and 
animals of the sea that we find growing in only the sea; the 
rye-grass and snails, to those plants and animals of the land 
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that we fin] growing on only the land. It is contrary to all 
experience, and all lestimony too, that the one passed into 
the other, and so 1 cannot believe it ; but 1 do and must be- 
lieve, instead, — for il is not contrary to experience, and much 
according to testimony, — that the Author of all created both 
land productions and sea productions at the ' times before ap- 
pointed,' and 'deiermincd the bounds of their habitation.* 
' By fiiith we understand that the worlds were framed by the 
word af God ; ' and I find I can be a believer oo God's 
terms at a much less expense of credulity than an iofidel on 

But in this form at least it can be scarce necessary Ihal the 
argument should bo prolonged. 

The geological phenomena, I repeat, even had the author 
of the " Vestiges " been consulted in their arrnngement, and 
permitted to determine their sequence, would fail to furnish 
a. single presumption in favor of l^e development hypothe- 
sis. Does the ditch-side of my illustration furnish it with a 
single favoring presumption .' The arrangement and se- 
quence of the various organisms are complete in bolh the 
zoological and phytological branch. The flog and reed succeed 
the fucoid ; the fir and juniper succeed the flag and reed ; and 
the hazel, birch, and oak succeed the fir and juniper. In like 
manner, and wiih equal regularity, zoophytes, the radiala, the 
arliculata, mollusca, fishes, reptiles, birds, and mammals, are 
ranged, the superior in succession over the inferior classes, in 
the true ascenilng order; and yet we al once see that the' 
evidence of thu ditch-side, amounfing in the aggregate lo no 
more than this, that the remains of the higher lie over those 
of the lower organisms, gives not a shadow of support to the 
hypothesis that the lower produced the higher. For, accord- 
ing to the honest farmer, the fact that any one thing is 
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n>(i<^ ^} Jig ci Lie top of any other ihing, furnishes no pre- 
Bumplicn wha'Bwi" that ihe ilting below stands in the rela- 
tiaa af fit'ent tc tSe tLing a.hove. And the evidence which 
the wcll-raogcJ orj^nisma of tlu dilch-sidc do not furnish, 
-the orgaaisms of the entire ge.iltigic scale, even were ihey 
jally well ranged, would fail to supply. The fossiliferous 
portion of the dilch-side of my ilioiliation may he, let us sup- 
some five or SIX ffel in thiiikness ; the fossiliferous 
portion of the earth's crust must be some five or six miles in 
jas. But (he mere circumstance of space introduces no 
ement into the question. Equally in both cases the 
fact of superposiiion is not identical wilh the fact of parental 
elation, nor even in any degree an ana!pgous fact. 

As, however, the auccession of remaim in the fossiliferous 
ieries of rocks is infinitely less favorable to the develop- 
ment hypothesis ihnn that af the organisms of the ditch-side, 
it very surprising that ;he disciples of the development 
school should be now evincing a disposition to escape from 
Ihe ascertained facts of Geology, and the legitimate conclu- 
aions based upon these, unlo unknown and unexplored prov- 
inces of the science ; or that they should be found virtually 
urging, that though some of the ascertained facts may seem 
to bear against them, the facts not yet ascertained may be 
1 telling in their favor. Such, in effect, is the cour^e 
taken by the author of the "Vestiges," in his "Explanations," 
when, availing himself of a difference of opinion which ex- 
s among some of our most accomplished geologists regard- 
g the first epochs of organized existence, he lakes part 
■with the section who hold that we have not yet penetrated 
to the deposits representative of the dawn of being, and that 
isil-charged formations may yet be delected beneath the 
oldest rocks of what is now regarded as the lowest fossilifer- 
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0113 system. Sir Charles Lyell and Mr. Leonard Homer 
represent the abler and better-known asserlors of this last 
view ; while Sir Hoderick Murchison and Professor Sedgwick 
rank among .he more distinguished assertors of the antago- 
trist one. It wooid be of course utterly presumptuous in 
;he writer of these pages to attempt deciding a question 
regarding which such men differ ; but in forming a judg- 
ment for myself, various considerations incline me to hold, 
that the point is now very nearly determined at which, 
(o employ the language of Sir Roderick, " life waa first 
breathed into the waters." The pyramid of organized ex- 
istence, as it ascends in the by-past eternity, inclines sen- 
sibly towards its ape.\, — that apex of " bi:ginmng" in which, 
on far olher than geological grounds, it is our privilege to 
believe. The broad base of the superstructure, planted on 
the existing noia, stretches across the entire scale of life, 
animal and vegetable ; hut it contracts as it rises into the 
past; — man — the qiiadrumana — the quadrupedal mammal 
— the bird — and the reptile — are each in succession struck 
from off its breadth, till we at length see il with the v 
tebrata, represented by only the fish, narrowing, aa it we 
to a point ; and though the clouds of the upper region may 
hide its extreme apex, we infer from the declinatioa of its 
sides, that it cannot penetrate much fartlier into the pro- 
found. When Steele and Addison were engaged in break- 
ing up, piecemeal, their Spectator Club, — killing off good 
Sir Roger de Coverly with a deduction, marrying Will 
Honeycomb to his tenant's daughter, and sending away 
Captain Sentry and Sir Andrew Freeport to iheir estates 
in the country, — it was shrewdly inferred that the " Sp 
tator" himself was very soon to quit the field; and the 
sudden disoanti nuance of his lucubrations justified ihe 
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And a corresponding style of reasoning, basud 
on the corresponding fuel of the breaking up and piece- 
[.meal disappearance of the group of orgunized being, seema 
psqualiy admissible. It is somewbai difficult 'o conceive how 
;iit least many niore volumes of tbe geoligic -ecord iban the 
^nown ones could be got ud without tbe cluh. Further, — so far 
,aa yet appears, the fisli rr.ust have lived in advance of the rep- 
iJile during the three protracted periods of the Old Red 
.Sandslone, tho two stil! more protracted periods of tbe Up- 
■per and Lower Silurians, and the perhaps more protracted 
period slili of the Cambrian dcposils ; — in all, apparently, a 
greatly more extended space than that in wbich the rep- 
tile lived in advance of the quadrupedal mamma], or tbe 
.quadrupedal mamma! lived in advance of man. On prin- 
ciples somewhat similar to those on which, with reference to 
ilhe average term of life, the genealogist fixes the probable 
period of some birth in his chain of succession of which he 
cannot determine the exact dale, it seems natural to infer 
that the hirth of the fish should have taken place at least nol 
earlier than the times of tlie Cambrian system. 

There is another consideration, of at least equal, if nol greater 
■weight. A general correspondence is found to obtain in wide- 
iy-aeparated localities, in the organic contents of that lowest 
band of the Lower Silurian or Cambrian system in which fossils 
liave been detected. In Russia, in Sweden, in Norway, in the 
.Jjake district of England, and in the United Slates, there are 
jcertain rocks which occupy relatively the same place, and en- 
close what may be described generally as the same remains. 
They occur in Scandinavia as that " fucoidal band " of Sir Ro- 
derick Murchison which forms the base of the vast Palteozoic 
Aasin of the Baltic ; they exist in Cumberland and Westmore- 
land as the Skidduw slates of Professor Sedgwick, and bear 
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also llieir fucoidn.1 impressions, blenl with graplolitea ; they 
are present in Nortti America aa those Polsdam sandstones of 
tlie Stales' geologists in which fucoids so aboupd, mixed with 
a minuie lingula, that they impart to some portions of the 
Blruia a carboniferoiis ciiaracter. But with tliese deep-lying 
beds iu all the several localiliea, thousaods of oiiles apart, in 
which [heir passage into the inferior deposits has been traced, 
fossils cease. And why cease with them ? In one locality 
the ancient ocean may have been of such a depth in the 
period immediately ^reutous, and represented, in consequence, 
by the strata immediately be/ieath, that no animal could have 
lived at its bottom, — though I do not well see why the re- 
mains of those animals who, like the shark and pilot-fish, arc 
frequently seen swimming over the profoundest depths, might . 
not, did such exist at the time, be notwithstanding found at its 
bottom ; or in another locality every trace of organization in 
the nether rocks may have been obliterated, at some posterior 
period, by fire. But it is difficult to imagine that that uniform 
cesaation of organized life at one point, which seems to have 
conducted Sir Roderick Murchison and Professor Sedgwick, to 
their conclusion, should have been thus a mere effect of ac- 
cident. Accident has its laws, but uniformity is not one of 
lliem; and should the experience be invariable, as it already 
:, that immediately beneath the fucoidal beds 
5e, I do not see how the conclusion is to 
be avoided, that they represent the period in which ai leaai 
existences capahle of preservation were first introduced. Every 
case of coincident cessation which has occurred since the 
determination of the second case, must be reckoned, not 
simply as an addhional unit in evidence, but, on the prin- 
ciples which determine malhematical probability, as a unit 
multiplied, first by the chances against it* occurrence, re^ 



[Brded as a mere contingency in iha^ exact forr.alion, anii 
:onil, by the sum of alt the previoia occurrences at the 

Id this curious question, however, which it must be the part 
f future explorers in the geolo^cal lield definitely to settle, 
the Lamarcliian can have no legitimate stake. It is but na- 
tural that, in hia anxiety to secure an ultlmaie retreat for bis 



hypothesis, he should desire to : 
ghosts love to walk settling down 
geological horizon, and enveloping 
nings of life. But e 
may so express myself. 



that darkness in which 

he extreme verge of tho 

iis folds the first begin- 

did the cloud exist, It is, if 1 

s nearer side, where there is light. 



— not within nor beyond il, where there is none, — that the 

listtle must be fought. Il is to Geology as il is known to be, 

at the Lamarckiun has appealed, — not to Geology as it ia 

rt known to be. He has summoned into court exisling wit- 

«ses ; and, finding llieir testimony unfavorable, he seeks to 

[utralize their evidence by calling from the " vasty deep," 

' the unexamined and the obscure, witnesses that " won't 

I," — ihat by the legitimate authorities are not known 

BTea to exist, — and with which he himself is, on his own 

confession, wholly unacquainted, save in the old scholastic 

.racter of mere possibilities. The possible fossil can have 

more standing in this controversy than the " possible angel." 

[ells us that we have not yet got down to that base-line 

tof all the fossiliferouB systems at which life first began ; and 

very possibly we have not. But what of thai ? He has 

earned his appeal to Geology as it ix; — he has referred hia 

i to the testimony of the known witnesses, for in no caaa 

the unknoton ones be summoned or produced. It is on 

evidence of the known, and the known only, that the 

«zact value of his claims must be determined ; and his 

21 
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appeal to the udIcdowd serves but to show how thoi 'ighly he 
himself feels that the actually ascertained evidence bears 
against him. The severe censure of Johnson on reasoners of 
this cfass is in no degree over-severe. " He who will deter- 
mine,^^ said the moralbt, ^' against that which he knows, be- 
cause there may be something which he knows not, — he that 
can set hypothetical possibility against acknowledged cer- 
tamty, — is not to be admitted among reasonable beings.^' 

But the honest farmer^s reminiscences of his deceased 
neighbor the weaver, and his use at second-hand of Hume^a 
experience-argument, naturally lead me to another branch of 
the subject 
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ARCKIAN HYPOTHESIS OF HIE ORIGIN OF PLAKTS. 
ITS CONSEQUENCES. 



I HATE said that the curiously-mixed, semi-marine, semi- 
BUslrine flora of the Lake of Stenais became associated 
my mind, like the ancieDt Aslerolepis of Stromaess, with 
the development hypoOiesis. The fossil, as has beea shown, 
represents not inadequately the geologic evidence in the 
-question, — the mixed vegetation of the lake may be regarded 
forming a portion of the phytologicul evidence. 
" All life," says Oken, " is from the sea. Where the sea 
organism, by self- elevation, succeeds in attaining into fonn, 
there issues forth from il a higher organism. Love arose out 
of tbe sea-fonm. The primary mucus (that in which elec- 
tricity originates life) was, and is still, generated in those very 
parts of the sea where the water is in contact with earth and 
,nd thus upon the shores. The first creation of the or- 
: took place where the first mountain summits projected 
out of the water, — indeed, without doubt, in India, if the 
Himalaya be the highest mountain. T/te/irsl organic forms, 
tahelher plants or animals, emerged from the shallow parts of 
la." Maillet wrote to exactly the same effect a full century 
" In a word," we find him saying, in his " Telliamed," 
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" do not h^rba, pknls, roots, grains, and till of thia kind ihal 
the e.arth produces and n'>jri3hes, cotne from the sea? Is it 

not at least natural to think so, since we are certain that all 
our habitable lands came originally from the sea I Besides. 
in Binall islands far from the contir en t, which have appeared 
but a few Pges ago at most, and where it is manifest that 
never any man bad been, we find shrubs, herbs, roots, and 
sometimes animals. Now, you must be forced lo own either 
that these productions owed their origin lo the sea, or lo a 
new creation, which is absurd." 

It is a curious fact, to which, in the passing, I must be 
permitted lo call the attention of the reader, that all the 
leading assertors of the development hypothesis have been 
bad geologists. Maillet had for his errors and deticiencies 
the excellent apology thai he wrote more than a hundred 
yeafs ago, when the theory of a universal ocean, promul- 
gated by Leibnitz nearly a century earlier, was quite as 
good as any of the other theoiies of the time, and when 
iGology, as a science, had no existence. And so we do 
not wonder at an ignorance which was simply thai of his 
age, when we find him telling his readers that plants tnast 
have originated in the sea, seeing that " all our habitable 
lands came originally from the sea ; " meaning, of course, 
by the- statement, not at nil what the modem geologist 
would mean were he to employ even the same words, but 
simply that there was a time when the universal ocean co- 
vered the whole globe, and that, as the waters gradually di- 
minished, the loftier mountain summits and higher table- 
lands, in appearing in their new character as islands and 
continents, derived their flora from what, in a universal 
ocean could be the only possible existing flora, — that of the 
Kia But what shall we say of the equally profound ignc 
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I tijanifealed by Professor OkeD, a living authority, whom we 
\ find prefacing for the Bay Society, in 1847, the English 
transklion o( his " Elements of Physio- philosophy ? " " The 
first creation of the organic took place," we find liim saying, 
"where the first mountain summits projecled out of the 
' Bea, — indeed, without doubt, in India, if the Himalaya be 
I the highest mountain." Here, evidently, in this lale age of the 
I world, in which Geology does exist as a science, do we find 
I the ghost of the universal ocean of Leibnitz walking once 
more, as if it had never been laid. la there now in all Bri- 
tain even a tyro geologist so unacquainted wiih geological 
fact as not to know that the richest flora which the globe 
ever saw bad eiiisteil for myriads of ages, and then, becoming 
} extinct, had slept in the fossil slate for myriads of ages 
more, ere the highest summits of the Himalayan range rose 
over the surface of the deep ? The Himalayas disturbed, and 
bore up along with them in their upheaval, vast beds of the 
I Oolitic system. Belemnites and ammonites have been dug 
t out of their sides along t!ie line of perpetual snow, seventeen 
[ thousand feet over the level of the sea. What in the recent 
t 'period form the loftiest mountains of the globe, existed as 
I ^rlions of a deep-sea bottom, swum over by the fishes 
f and reptiles of the great Secondary period, when what is 
I now Scotland had its dark forests of stately pine, — repre- 
t Bented in the present age of the world by the lignites of Helms- 
I dale, Eathie, and Eigg, — and when the plants of a former 
[ creation lay dead and buried deep beneath, in shales and fire- 
f clay, — existing as vast beds of coal, or entombed in solid 
rock, as the brown massy trunks of Granton and Craigleith. 
And even ere these last esisled as living trees, the conifer- 
ous lignite of the Lower Old Red Sandstone found at Cro- 
f mart}' had passed into the fossil stale, and lay as a semi- 
21* 
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calcareous, semi- bituminous mass, amid perished JKpterians 
and extinct Coccoslei. So much for ihe Geology of the Ger- 
man Profesaor. And he it remarked, that the actualities in 
this queslion can be determined by only the geologist- The 
mere naturalist may indicate from the analogies of his science, 
what possibly might have taken place ; but what really did 
lake place, and the true order in which the events occurred, 
it is the part of the geologist to determine. It cannot be out 
of place to remark, further, that geological discovery is in no 
degree responsible for the infidelity of the development 
hypothesis ; seeing that, in the first place, the hypothesis 
ix grealiy Tnore ancient than the discoveries, and, in the second, 
that its more prominent assertors are exactly the men who 
knou least of geological Jaet. But to this Gpecial point I 
shall again refer. 

The author of the " Vestiges " is at one, regarding the sup- 
posed marine origin of terrestrial plants, with Maillet and 
Oken ; and he regards the theory, we find him stating in hid 
" Esplanations," as the true key to the well-established fact, 
that the vegetation of groupes of islands generally corre- 
sponds with that of the larger masses of land in their aeigh- 
borhood. Marine plants of the same kinds crept out of the 
sea, it would seem, upon the islands on the one hand, and 
upon the larger masses of land on the other, and thus pro- 
duced the same flora in each ; just as tadpoles, after passing 
their transition state, creep out of their canal or river on the 
opposite banks, and thus give to the fields or meadows on the 
right-hand side a supply of frogs, of the same appearance 
and size as those poured out upon the fields and meadows of 
the left. " Thus, for example," we find him saying, " the 
Galapagos exhibit general characters in common with South 
America ; and the Cape de Verd islands, with Africa. They 
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■Rre, in Mr. Darwin's iftppy phrase, sotellilea to those continenla, 
in respect of nalurai hiaiory. Again,'" he coniinueB, " when 
masses of land are only divided from each other by narrow 
seas, there is usually a communily of forms. The European 
and African shores of the Medilerruuean present an example. 
Our own islands afford another of far highervalue. Ii appears 
that the flora of Ireland and Great Britain is various, or 
nither that we have five floras or distinct sela of plants, and 
that each of these is partalten of by a portion of the opposite 
continent. There are, first, a flora confined to the west of 
Ireland, and imparted likewise to the north-west of Spain; 
second, a flora in the south-west promontory of England and 
of Ireland, extending across the Channel to the north-weal 
coast of France ; third, one common to the south-east of Eng- 
land and north of France ; fourth, an Alpine flora developeJ 
in the Scottish and Weli^h Higlilaiids, and intimately related 
io that of the Norwegian Alps ; fil\h, a flora which prevails 
over a lar^e part of England and Ireland, 'mingled with 
■other floras, and diminishing slightly as we proceed west- 
wan! : ' this bears intimate relation with the fioia of Ger- 
many. Fads so remarkable would force the meanest facl- 
colleclor or species- demonstrator into generalization. The 
really ingenious man who lately brought them under notice 
(Professor Edward Forbes) could only surmise, as their ex- 

-planation, that the spaces now occupied by the intermediate 
seas must have been dry land at the time when these floras 
were created. In that case, either the original arrangement 
of the floras, or the selection of land for submergence, must 
liave been apposite to the case in a degree far from usual. 
The necessity for a simpler cause is obvious, and it is found in 
the hypothesis of a »pread of terrestrial -cegetalion from the aea 
into Ike lands adjncen'. The community of forms in the vari- 
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OU3 rc-gions opposed lo eacli other merely tndlcales a distincl 
marine creation in each of the oceanic areas respectively 
interposed, and which would naturally advance inlo the lands 
nearest to it, as &r as circumstances of soil and climate were 
found agreeable," 

Such, regarding the origin of terrestrial vegetation, are the 
views of Maillet, Oken, and the author of the " Vestiges." 
They all agree in holding that the plants of the land existed 
111 their first condition as weeds of the sea. 

Let me request the reader at this stage, ere we pass on to 
the consideration of the experience -argument, to remitrk a 
few incidental, but by no means unimportant, consequences 
of the belief. And, first, let htm weigh for a moment the 
comparative demands on his creduhty of the theory by which 
Professor Forbes accounts for the various floras af Jie Brit- 
ish iRlnnds, and that hypothcBis of Irauemutatioa which 
the author of the " Vestiges " would so fain put in its place, as 
greally more simple, and, of course, more in accordance with 
-he principles of human belief. In order lo the reception of 
;he Professor's theory, it is necessary to hold, in the first place, 
that the creation of each species of plant took place, not by 
repetition of production in various widely-separated cen- 
tres, but in some single centre, from which the species prop- 
agated itself by seed, bud, or scion, across the special area 
which it is now found to occupy. And this, in the first in- 
stance, is of course as much an assumption as any of those 
assumed numbers or assumed lines with which, in algebra 
<3nd the mathematics, it is necessary in so many calculatioDS 
to set out, in quest of some required number or line, which, 
without the assistance of the assumed ones, we might de- 
spair of ever finding. But the assumption is in itself neither 
unnatural n r violent ; there are various very remarkable anal- 
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ogies which lend it support ; ihe fads which seeio laa^l to 
barmonize with it are not wholly irreconcilable, and are, 
besides, of a merely exceptional character; and, further, it 
has been adopled by botanists of the highest standing." It 



• The following digest from Profesaor BBlfour's very admi- 
rsble " Miuiuid of Botany," of wlial is held on this euriouB sub- 
ject, may be not unacceptable to the reader. " It is an inCereating 
Jlaestiou to determine tlie mode in which the various species and 
tribes of plants were originally acattored over tlie globe. Vari- 
ous hypotheses have been ndvanoed on the subject. Linnffus en- 
tertained the opinion that there wits at first only one primitive 
oontio of vegetadon, frora which plants were diatribnted over thi.> 
g^obe. Some, avoiding all discussions and difficulties, suppoBe thai 
plants were produced at first in the localities where they sro now 
■een vegetating. Olliers think that each species of plant originated 
in, and was diiTused from, B single primitive centre ; nnd that there 
wore numerouB such centres situated in different parts of the world, 
each centre being the seat of a porticular number of species. They 
thus admit great vegetahlo migrations, aimilar to those of the human 
races. Those who adopt the latter view recognize in the distribu- 
tion of plants some of the lest revolutions of our planet, and the 
action of numerous and varied forces, which impede or favor the 
dissemination of vegctahles in the present day. They endeavor to 
ascertain the primitive flora of countries, and to trace the vegetable 
migiationa which have taken place. Daul>eny says, that analogy 
favors the supposition that each species of plant was originally 
formed io some particular locality, whence it spread itself gradu- 
ally over a certain area, rather than that the earth was at once, 
by the fiat of the Almighty, covered with vegetation in the maimer 
we at present behold it. The human race rose from a single pair : 
and the distribution of planM and animahi over a certain definite 
area would seem to imply that the same was the general law. Anal- 
ogy would lead us to believe that the extension of species over the 
eartli originally took place on the same plan on which it is con- 
ducted at present, when a new island starts ap in the midst of 
the ocean, produced either by a oocal reef or a volcano. In these 
Ca.ie» the whole surface i* not at once overspread with plants, but 
a Ifradual p-ogresa nf vpaietation is traced from the accidental intro- 
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is necessary U bold, m the second place, in order to the re- 
ception of the theory, that the area of the earth's surfnce 
occupied by the British Islanda and the neighboring coasts 
^r ihe Continent once aiood fifty fathoms higher, in relation 
to the existing sea-!evel, tbiin it does now, — a belief which, 
whatever its specific grounds or standing in this particular 
case, is at least in strict accordance with the general geologi- 
cal phenomena of subsidence and elevation, and which, so far 
from outraging any experience founded on observation or 
testimony, runs in the same track with what is known of 
wide areas now in the course of stoking, like that on the 
[talian coast, in which the Bay of Baice and the ruins ot the 
temple of Serapis occur, or that in Asia, which includes the 
Run of Cutch ; or of what is known of areas in the course of 
rising, like part of the coast of Sweden, or part of the coast 
^f South America, or in Asia along the weBlorn Bhores of 
A.racan. Whereas, in order to close with ihe simpler ao- 
'agonislic belief of the author of the " Vestiges," it is neces- 
sary to hold, contrary to all experience, that duke and ken- 
ware " became, through a very wonderful metamorphosis, 
cabbage and spinnage ; that kelp-weed and tangle bour- 
geoned into oaks and willows ; and that slack, rope-weed, and 
green-raw,^ shot up into mangel-wurzel, rye-grass, and clover. 
Simple, certainly I An infidel on terms such as these could 
with no propriety be regarded as an unbeliever. It is well 



ductlon of a single seed, perhaps, of each, species, wafted by winds 
or floated by currents. The remarkable limitation of cectatn apeides 

V to single spots on tbe globe secma to favor tlie supposition of apecifia 

H contreB." 

H ■ RJadomenia palmala and ASaria easulfnta, 

H * Ferphyra laciniaia, C/iorda filiim, and Enteromorpha compresMa. 
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thai the New Testament makes no such extraordinary de- 
mands on human credulity. 

Let us remark further, at this stage, that, judging from the 
generally received geological evidence in the case, very little 
time seema to be allowed by the author of the " Vestiges " 
1 through which 
M to have passed into 
the prevailing British 
high along our hills, and 
D on the lower grounds. 



for that miraculous proccs 

the low algae of our sea-sin 

high orders of plants wh'ch 

flora. The boulder clay, which ri! 

which, as shown by its inferior f 

is decidedly the moat ancient of the country's superficial de- 

te, is yet so modern, geologically, tlial it contains only 
recent shells. It belongs to that cold, glacial, post-Tertiary 
period, in which what is now Britain existed as a few 
gKJupes of insulated hill-tops, bearing the semi-arctic vegetation 
of our fourth flora, — that true Celtic flora of the country 
which we now find, like the country's Celtic races of our 
species, cooped up among the mountains. Tho fifth or 
Germanic flora must have been introduced, it is held, a( a 
later period, when the climate had greatly meliorated. And 

'e are lo hold thai the plants of this last flora were devel- 
oped from sea-weed, not propagated across a continuity of 
land from the origiool centre in Germany, or borne by cur- 
rents from the mouths of the Germanic rivers, — the theory 
of Mod. C. Martina, — then must we also hold that that de- 
felopmenl took place since the times of the boulder clay, and 
that fucoids and conferva became dicotyledonous and mono- 
aotyledonoua planLs during a brief period, in which the Pur- 
vara lapi/lus and TStrrilella terebra did not alter n single 
whorl, and the Ci/prina itlandica and Astarle borcalis re- 

?d unchanged each minute projection of their hinges, and 
each nicer peculiarity of thoir muscular Impressions. Crea- 
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tion would be greatly less wonderful thao a suddei 
tativc process such as tliis, restricted in its operation to groupes 
of English, Irish, and Manx plants, identical vith groupes in 
Germany, when all the various organisms around them, such 
as our sea-shells, continued to be exactly what they had been 
for ages before. A process of development from the lowesl 
to the highest forms, rigidly restricted to the flora of a coun- 
try, would be simply the miracle of Jonah's gourd several 
thousand times repeated. 

I must here indulge in a few remarks more, which, though 
they may seem of an incidental character, have a direct bear- 
ing on the general subject. The geologist infers, in all his 
reasonings founded on fossils, that a race or species has en- 
isled from some one certain point in the scale to some other 
cerrain point, if he find it occurring at both poinis together. 
He infers on this principle, for instance, that the boulder clay, 
which contains only recent shells, belongs to the recent or 
ptst-Tortiary period; and that ihe Oolite and Lias, which 
contain no recent sliells, represent a period whose exislencea 
have all become extinct. And all experience serves to show 
that his principle is a-sound one. la creation there are many 
species linked together, from their degree of similarity, by 
the generic tie ; but no perfect verisimilitude obtains among 
them, unless hereditarily derived from the one, two, or more 
individuals, of contemporary origin, with which the race be- 
gan. True, there are some races that have spread over very 
wide circles, — the circle of the human family bos become 
identical with that of the globe ; and there are certain plants 
and animals that, from peculiar powers of adaptation to the 
of soil and climate, — mayhap also from the tena- 
iialiiy of their seeds, and their facilities of transport by 
I means, — are likewise diti'uscd very widely. There 
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are plants, too, such oa the common nettle and some of the 
ordinary grasses, which accompany civilized man all over the 
globe, he scarce knows how, a.nd spring up unbidden where* 
ever he Sxes his habitation. He, besides, carries with him 
the commoD agricullura.1 weeds ; there are localities in the 
United Slates, says Sir Charles Lyell, where these exotics out- 
number the native plants ; but these are exceptions to the 
prevailing economy of distribution ; and the circles of species 
generally are comparatively limited and well defined. The 
mountains of the southern hemisphere have, like those of 
Switzerland and the Scotch Highlands, their forests of coniferous 
trees ; but they furnish no Swies pines or Scotch firs ; nor do 
the coasts of New Zealand or Van Dieman^s Land supply 
the European shells or fish. True, there may be much to 
puzzle in the identity of what may be termed the exceptional 
plants, equally indigenous, apparently, in circles widely sep- 
arated by space. It has been estimated that there exist 
about a hundred thousand vegetable species, and of these, 
thirty Antarctic forms have been recognized by Dr. Hooker 
BS identical with European ones. Had Robinson Crusoe failed 
to remember that he had shaken the old corn-bag where he 
found the wheat and borley ears springing up on his island, 
he might have held that he had discovered a new centre of 
the European cerealia. And the process analogous to the 
shaking of the bag is frequently a process not to be remem- 
bered. There are several minute lochans in the Hebtiden 
and the west of Ireland in which there occurs a small plant 
of the cord-rush family, {Eriocaulon scptangiilare,) which, 
though common in America, is nowhere to be found on the 
European Continent. It is the only British plant which be- 
longs to no other part of Europe. How was it tran8p<ried 
across the Atlantic ? Entangled, mayhap, in the form of a 
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- for its seeda a 
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! exceedingly light and small, 
— in ibe plumage of some water-fowl, free of both sea aud 
lake. It had been carried in the germ from the weed-sltirted 
edge of some Americao awamp or mere, 1o some mossy 
lochan of Connaught or of Skye ; and one such seed trans- 
ported by one such accident, unique in its occurrence in 
lliousands of years, would be quile aufHcient to puzzle all the 
botanists forever after. I have seen the seed of one of our 



Scotch grasses, that had b 
fleece of a sheep reared 
then wrought inloTt coar 
about for months in a piec 
gone over half the globe ij 
with the « 



een originally caught in the malted 
among the hills of Sutherland, and 
ae, ill-dressed woollen cloth, carried 
:e of Ltiidercluthing. It might havo 
1 that time, and, when cast awuy 
a vestmeal, might have originated a new circle 
for its species in South America or New Holland. There are 
seeds apecitilly contrived by the Great Designer to be carried 
fur from their original habitats in the coats of animals, — a 
mode which admits of transport to much greater distances 
than the mode, also extensively operative, of consigning 
them for conveyance to their stomacha ; and when we sob 
the work in its eflecls, we are puzzled by the want of a 
record of an emigratory process, of which, in (he circum- 
stances, no record could possibly exist. Unable lo make out 
a case for the " shaking of the bag," we bethink us, in the 
emergency, of repetition of creation. But in circles separat- 
ed by lime, not space, — by time, b.cio3s whose dim gulfs no 
voyager sails, and no bird flies, and over which there are no 
means of transport from the point where a race once fails, 
to any other point in the future, — we find no repetition of 
species. If' the production of perect duplicates or tripli- 
cates in independent centres were a law of nature, our works 
nf physical sciencQ could scarce fail to tell ua of identical 
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^K species found occurriag in widely-separated systems, — Scotch 
K firs and larches, for instance, among the lignitiis of the Lias, 
* or Cyprina islandica aaA Ostrea edulis among iho shells of 
the Mountain Limestone. But never yet has the geologiat 
found in his systems or formations any such evidence as facts 
such OS these might be legitimately held to furnish, of ihe 
independent de novo production of individual members of 
any single species. On the contrary, the evidence lies bo en- 

Itirely the other way, thai he reasons on the existence of a 
family relation obtaining between all the members of each 
species, as ooe of his best established principles. If mem- 
bers of the same species may exist through de novo produc- 
tioD, without hereditary relationship, so thoroughly, in con- 
sequence, does the fabric of geological reasoning full to the 
ground, that we find ourselves incapacitated from regarding 
even the bed of common cockle or mussel shells, which we 
find lying a few feet from the surface on our raised beaches, 
as of the existing creation al all. Nay, even the human re- 
mains of our moors may have belonged, if our principle of 
relationship in each species be not a true one, to some for- 
mer creation, cut off from that to which we ourselves belong, 
by a wide period of death. All palsontological reasoning \a 
at an end forever, if identical species can originate in in- 
dependent centres, widely separated from each other by pe- 
riods of time ; and if they fail to originate in periods sepa- 
rated by time, how or why in centres separated by space ? 

Let the reader remark further, the bearing of those facts 
from wliich this principle of geological reasoning has been 
derived, on the development hypothesia. We find species 
restricted to circles and periods ; and though stragglers are 
occasionally found outside the circle in the existing state 
of things, never are they found beyond their period among 
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3 of the past. It wss profoundly argued by Cu- 
vier, that life could not possibly bave had a chemical origiD. 
" In fact," we find him remarking, " life exercising upon the 
elements which at every instant form part of the living body, 
and upon those which it ntlracta to it, an action contrary to 
that which would be produced without it by tlic usual chem- 
ical affinities, it is inconsislent to suppose that it can itself 
lie produced by these affinities." And the phenomena of rc- 
sirietion to circle and period testify lo the same effect. Noth 
ing, on the one hand, can be more various in character and 
aspect than tlie organized existences of the various circles 
and periods ; notliing more iavarlabie, on the other, than the 
results of chemical or electrical experiment. And yet, to use 
almost the words of Cuvier, " we know of no other power in 
nature capable of reuniting previously separated molecules," 
than the electric and the chemical. To these agents, accord- 
ingly, all the assertors of the development hypothesis have had 
,t least the originalioTi of life. Air, water, earth 
saline mucus, and an active persistent electri- 
city, are the creative ingredients of Oken. The author of the 
" Vestiges" is rather less explicit on the subject; he simply 
refers to the fact, that the " basis of all vegetable and animal 
substances consists of nucleated cells, — that is, of cells having 
granules within them;" and states that globules of a resem- 
bling character "can be produced in albumen by eleclrici- 
ty ; " and that though albumen itself has not yet been pro- 
duced by ariificial means, — the only step in the process of 
creation which is wanting, — it is yet known to he a chemical 
compcsition, the mode of whose production may " be any 
day discovered in the laboratory." Further, he adopts, as 
part of the foundation of his hypothesis, the pseudo-expen- 
ment of Mr, Weekes, who holds that out of certain saline 
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preparations, actiid upon by electricily, he can produce cer 
tain living animalcula of the mite family ; — iho vital and th( 
.organized out of ihe inorganic and the dead. In all sucV 
cases, eieclrieity, or rather, according lo Oken, galvanism, ii 
■regarded as the vitalizing principle. " Organism,''^ says the 
liSerman, " is galeaniam residing in a thoroughly homogene- 

|Wis mass A galvanic pile pounded into uXomi 

i,{DU9t become alive. In this manner nature brings forth or- 
ganic bodies." I have even heard il seriously asked whether 
electricity be not God! Alas! could such a god, limited 
in its capacity of action, like those " gods of the plains " in 
which the old Syrian trusted, have wrought, in the character 
of Creator, with a variety of result so endless, that in oo geo- 
: logic period has repetition taken place ? In all that purports 
to be experiment on the development side of the question, we 
eee nothing else save repetition. The Acarus Crossi of Mr. 
Weekea is not a new species, but the repetition of an old 
•aae, which has been long known as the Acarus liorridus, a 
little bristle -covered creature of (he mile family, that harbors 
in damp corners among the debris of outhouses, and the dust 
and dirt of neglected workshops and laboratories. Nay, even 
a change in the chemical portion of the experiment by which 
be believed the crealure to be produced, failed to secure va 
riety, A powerful electric current had been sent, in the first 
:, through a solution of silicate of potash, and, after a 
^me, the Acarus horridus crawled out of the fluid. The cur. 
was then sent through a solufion of nitrate of copper, and 
a due apace, the Acarus horridus again creeped out, A 
ilution of ferro-cyanate of potash was next subjected to the 
and yet again, and in greater numbers than on the 
■two former occasions, there appeared, as in virtue, il would 
of its extraordinary appetency, to he the a 
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recurring Acarus horridus. How, or in what form, ihe little 
creature should have been introduced into the several experi- 
monia, it is not the part of those who question their legiti- 
macy to explain ; it ia enough for us to know, that individ- 
uala of the family to which the Aearus belongs are so re- 
markable for their powers of life, even in their fully developed 
state, as to resist, for a time, the application of hoiling water, 
and to live long in alcohol. We know, further, that the 
germs of the lower animals are greatly more lenaciouB of vi- 
tality than the animals themselves ; and that they may exiet 
in their state of embryonisnn in the most unthought of and 
elusive forms ; nay, — aa the recent discoveries regarding al- 
terations of generation have conclusively shown, — that the 
germ which produced the parent may be wholly unlike the 
germ that produces its offspring, and yet identical with that 
which produced the parent's parent. Save on the theory of 
a quiescent vitality, maintained by seeds for centuries within 
a few inches of the earth's surface, we know not how a layer 
of shell, sand, or marl, spread over the hieak moors of Har- 
ris, should produce cropa of white clover, where only heath 
had grown before ; nor how brakes of doddered furze burnt 
down on the slopes of the Cromarty Sulors should be so fre- 
quently succeeded by thickets of raspberry. We are not, 
however to give up the iwitnoion, — that illimitable province in 
which science discovers, — to be a wild region of dream, in 
which fantasy may invent. There are many dark places in the 
field of human knowledge which even the researches of ages 
may faii wholly to enlighten; but no one derives a righi 
from that circumstance to people them with chimeras and 
phantoms. They belong to the philosophers of the future, — 
not to the visionaries of the present. But while it is not our 
nart to explain how, in the experiments of Mr. Weekcs, ihn 
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rchoiii f life from life has been mBintaiiied unbroken, we 
can n:ost conclusively show, that that world of organized 
existence of which we ourseivea form part, is, and ever has 
been, a world, not of tame repetition, but of endless variety. 
It is palpably not a world of Acaridce of one species, nor 
yet of creatures developed from these, under those electric 
or chemical laws of which the grand cliaracteristic is inva- 
riability of result. The vast variety of its existences speak 
. of the operation of unvarying laws, that represent, in 
iheir uniformity of result, the unchangeableness of the Di- 
nity, but of creative acts, that exemplify the infinity of His 
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Let the reader yet further remark, if he has followed me 
through thesis preliminary observations, what is really in- 
volved in the hypothesis of the author of the " Vestiges," re- 
g&rding the various floras common lo the Briiiah islands and 
Iha Conlineat. If it was upon his scheme thai England, Ire- 
land, and the mainland of Europe came to possess an identi- 
cal flora, produsiion de nono and by repetition of the same 
species must have taken place in thousands of instances along 
the shores of each island and of the mainland. His hypothe- 
ais demands that the sea-weed on the coast of Ireland should 
have been developed, first through lower, and then higher 
forms, into thousands of terrestrial plants, — that exactlj 
the same procas? of development from sea-weed into terres- 
trial plants of the same species should have taken place on 
tbe coast of Englar.d, and again on the coasts of the Con- 
tinent generally, — and that identically the same vegetation 
should have been originated in this way in at least three great 
centres. And if plants of tiie same species could have had 
three distinct centres of organization and development, why 
not three hundred, or three thousand, or three hundred thou- 
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sanil ? Not ivill it do to attempt escaping froni the dilliciilly, 
by alleging that there is the groundwork io the case or ul 
leiiBt a commoD marine vegetation to start from ; and ihnt 
Ihua, -f we have not properly the esialence of the direct 
hereditary lie among the various individuals of each species, 
we may yel recognize at least a sort of collateral relationship 
among them, derived from the relationship of their marine 
ancestry. For relaiionship, in even the primary stage, the 
author of the " Vestiges " virtually repudiates, by adopting, 
as one of the foundations of his hypothesis, with, of course, 
all the legitimate consequences, the esperimenls of Mr. 
Wockes. The anicnalculEC-making process is instanced as 
representative of the first stngo of being, — that in which 
dead inorganic matter assumes vitality ; and it corresponds, 
in the zoological branch, to the production of a low marine 
vegetation in the phytological one. A certain aemi-chemicBl, 
semi- electrical process, originates, time after time, certain 
numerous low forms of life, identical in species, but con- 
nected by no lie of relationship : such is the presumed result 
of the Weekes experiment. A certain further process of 
development matures low forms of life, thus originaied, into 
higher species, also identical, and also wholly unconnected 
by the family tie ; such are the consequences legitimately 
involved in that island-vegetation theory promulgated by the 
author of the " Vestiges." And be it remembered that Mr. 
Weekes' process, so far as it is simply electrical and chemical, 
is a process which is as capable of having been gone through 
in all limes and all places, as that other process of strewing 
marl upon a moor, through wliich certain rustic experimenters 
have held that they produced white clover. It could have 
been gone through during the Carboniferous or the Silurian 
for all truly chemical and electrical experiments 
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would ha\ 3 resulted in manifestations of the same phenom- 
ena then as now ; — an acid would have effervesced as freely 
with an alkali; and each fibre of an electrified feather — 
had feathers then existed — would have stood out as decided- 
ly apart from all its neighbors. We must therefore hold, if 
we believe with the author of the " Vestiges," first, from the 
Weekes experiment, that in all times, and in all places, every 
centre of a certain chemical and electric action would have 
become a new centre of creation to certain recent species of 
low, but not very low, organization ; and, second, from his 
doctrine regarding the identity of the British and Continental 
floras, that in the course of subsequent development from 
these low forms, the process in each of many widely-sepa- 
rated centres, — widely separated both by space and time, — 
would be so nicely correspondent with the process in all 
the others, that the same higher recent forms would be ma- 
tured in all. And to doctrines such as these, the experience 
of all Geologists, all Phytologists, all Zoologists, is diametri- 
cally opposed. If these doctrines be true, their sciences are 
false in their facts, r nd idle and unfounded in their principles. 
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THE TWO FLORAS, MAIUNE AND TERRESTRIAL. 

BEAHING OF 1 



Is the reader acquainted wilh the graphic verse, and scaice 
less graphic prose, in which Crabbe describes the appear- 
ances presented by a terrestrial vegetation affected by the 
waters of the sea ? In both passages, as in all his purely 
descriptive writings, there ia a solidity of truthful observa- 
tion exhibited, which triumphs over their general homelinesa 



" On either eide 
la level fen, a prospect wild and wide, 
With dykes on either h&nd, by oceen self -supplied. 
Tar on the right the distajit sea ia seen. 
And salt the apringa that feed the niEJcah between ; 
Beneath an ancient bridge the straitened, flood 
Ralls through ita sloping bimka of slimy mud ; 
Near it a aunken boat resists the tide, 
That freta and hurries to the opposing side ; 
The rushes sharp, that o-n the borders grow. 
Bend their brown florets to the stream below, 
Impure ia all its course, in all its progress slow. 
Here a grave Mora scarcely deigns to bloom, 
Nor wears a rosy blush, nor sheds perfume. 
The few dull flowers that o'er the place are spread 
Partake the nature of their fenny bed ; 
Here on its wiry stem, in rigid bloom, 
Qrows the salt lavender, that lacks perfume ) 
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Here the dwarf sallowB creep, the BeptlbU hnrsh. 
And the aoft slimy mallow of the marah. 
Low ou the ear the dirtant billows Bnund, 
And jnat in view appears their stony boimd." 

" The ditches of a fen so Bear ihe ocean," says the pool, in 
i note which accompanies this passage, " are lined with 
I irregular patches of a coarse-stained laver; a muddy se:3i- 
I ment rests on the horse-Iail and other perennial herbs whicli 
I in part conceal the shallowness of the stream ; a fat-leavcil, 
[ pale -flowering scurvy-grass appears early in Ine year, nni 
or-edged bullriish in the summer and autumn. The 
fen itself has a dark and saline herbage; there are rushes 
and arrow-head ; and in a few patches the flakes of the cot- 
Ion -grass are seen, but more commonly the sea-aster, ths dull- 
est of that numerous and hardy genus; a thrift, blue in 
flower, but withering, and remaining withered till the winter 
•callers it; the sali-tnarl, holii simple and shrubby; a few 
kinds of grass clmnged by the soil and atmosphere ; and low 
plants of two or three denominations, undistinguished in the 
general view of scenery ; — such is the vegetation of the fen 
where it ia at a small distance from the ocean." 

And such are the descriptions of Crabbe, at once a pjet 
ind a botanist. In referring to the blue lint exhibited in 
alt-fens by the pink-colored flower of the thrift, {Slatice 
Anneria,) he might have added, that the general green of 
the terrestrial vegetation likewise assumes, when subjected 
□ those modified marine influences Jtider which plants of the 
land can continue to live, a decided linge of blue. It is furfliet 
noticeable, that the general brown of at least the larger algie 
presents, as they creep upwards upon the boacli to meet with 
these, a marked tinge of yellow. The prevailing brown of 
e flora approximates towards yellow, — the prevailing 



green of the other towards blue ; and thus, instead of mu- 
tually merging into some neutral tint, they assume at their 
line of meeting directly aalagonistic huea. 

But what does experience say regarding the transmutaliva 
conversion of a marine into a terrestrial vegetation, — thai 
experience on which the sceptic founds so much ? As 1 
walked along the green edge of the Lake of Stennis, selvaged 
by the line of detached weeds with which a recent gale had 
strewed ila shores, and marked that for the first few miles 
the accumulation consisted of marine algx, here and there 
mixed with tufts of stunted reeds or rushes, and that as I re- 
ceded from the sea it was the algEe that became stunted and 
dwarfish, and thai the reeds, aquatic grasses, and rushes, 
grown greatly more bulky in the mass, were also more fully 
developed individually, till ot length the marine vegetation 
altogether disappeared, and the vegetable debria of the shore 
became purely lacustrine, — I asked myself whether here, if 
anywhere, a transition flora between lake and sea ought not to 
be found ? For many thousand years ere the toll gray obelisks 
of Biennis, whose forms I saw this morning reflected in the 
water, had been lorn from the quarry, or laid down in mystic 
circle on their flat promontories, had this lake admilled 
the waters of the sea, and been salt io its lower reaches 
and fresh in its higher. And during this protracted period had 
its quiet, well-shatlered bottom been exposed to no disturbing 
infiuences through which the delicate process of transmu- 
tation could have been marre^l or arrested. Here, then. If 
jht we to have bad in the broad, 
3ntly brackish reaches, at least indications of a vege- 
tation intermediate in its nature between llie monocotyle- 
dons of the lake and the nigs of the sea ; aod yet not a 
vestige of such an intermediate vegetation could I find 
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ing ihe up-piled debris of ihe mixed floras, nmriiie and 
ilrine. The lake possesses do such iniermcdJalo vege- 
iation. As the water freshens in its middle reaches, the 
•Igse become dwarfish and ill-developed; one species after 
another ceases lo appear, as the habitat becomes nholly un- 
fcvomble to it ; until at length we find, instead of the 
^TOWD, rootless, dowerless fiicoids and confervGe a( the ocean, 
I green, rooted, flower-l>earing flags, rushes, and aquatic 
isses of the fresh water. Many ihousaods of years liave 
Kuled to originate a single intermediate plant. And such, 
(Bsted by a singularly extensive experience, is the general 



There is scarce a chain-length of the shores of Britain and 
Ireland that has not been a hundred and a hundred times 
wplored by the botanist, — keen lo collect and prompt (o 
logisier every nriiy of the vegelabie kingdom ; but has he 
War yet succeeded in transferring lo his herbarium a single 
tlanl caught in the transition state ? Nay, are there any of 
he laws under which the vegetable kingdom exists better 
tBown than those laws which fix certain species of the algte to 
WTtaiu zones of coust, in which each, according to the overly- 
Dg depth of water and the nature of the bottom, flnds the only 
UbitQt in which it can exist? The rough-stemmed tangle 
[Laminaria digilala) can exist no higlier on the shore than 
ine of ebb during stream-tides ; the smooth-atemmed 
KDgle {Laminaria saccharina) flourishes along an inner belt, 
irlially uncovered during the ebbs of the larger neaps; 
e forked and cracker kelp-weeds (Fucus serratua and Fucas 
Modosas) thrive in a zone still less deeply covered by water, 
which even the lower neaps espose. And at least one 
ir species of kelp-weed, the Facus vesiculasus, occurs in a 
e higher still, though, as it creeps upwards on the rocky 
23 
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beach, it loses i.s characieristio bladders, and becomes shon 
and narrow of frond. The thick brown tufts of Fitcus catiali- 
culatus, which in the lower nnd middie renches of th3 Lake . 
of Stennis I found heaped up in great ahuodaoce along the 
shores, also rises high on rocky beaches, — so high in some 
instances, that during neap-tides it remains uncovered by 
(he water for days together. If, as is not uncommon, there 
be an escape of land springs along the beach, there may be 
found, where the fresh wuler oozes out through the saod 
and gravel, an upper terminal zone of the con fervee, chiefly 
of a green color, mixed with the ribbon-like green laver, 
( Ulta latissima,) the purplish-brown laver, {Porpkyra lad- 
niala,) and still more largely with the green silky Ente' 
romorpha, (E. compressa.) * And thon, decidedly within 
f he line of the siorm-beaches of winter, — not unfrequeotly 
in low sheltered bays, such as the Bay of Udale or of Nigg, 
where the ripple of every higher flood washes, — we may 
find the vegetation of the land — represenied by the sett 
tinels and picquets of its outposts — coming down, as if l< 
meet with the higher- growing plants of the sea. In sail 
marshes the two vegetations may be seen, if I may so e* 
press myse]f, dovetailed together at their edges, — at least om 
species of club-rush (Sdrpus marilimus) and the common salt- 
wort and glasswort (Salsola kaH and Salicomia proawiiens) 
encroaching so far upon the sea as to mingle with a thinly- 



• " Dr. Ncill mentions," bbj-s the Ect. Mc. Landaborough, in 
complete and yory interestiiig " History of British Sea- Weeds," " 
on oar chores algiE generally occupy zones in the Colkming order, be- 
ginning from deep waler : — F. Filum; F. acuienlui and 6uBa 
F. digilatiu, aacchtaimu, BjiA bireua ; F. terra' m aad criijta; F.a 
IHI and vnicuhaiit ; F, canaliculalm ; and, last of all, J^. pygmtuu, 
which is satisfied if it ho within reach of the spray." 



: AND TERRESTRIA]. 



2C7 



iBttered and sorely-diminished fucus, — ihal bladderlesa va- 

I'fiety of Ihe Fueusvesieulnsus to which I have already referred, 

iDd which may be detected in such localiites, shooting forlh 

f its minute hrowo fronds from the pebbles. On rocky coasts, 

l'%here springs of fresh water come trickling down along the 

Jlfissurea of the precipices, the observer may see a variety of 

Ihodomenia palmata — the fresh-waler dulse of the Moray 

Frith — creeping upwards from the lower limits of produc- 

lill just where the common gray balanus ceases to 

t. And there, short and thick, and of a bleached yel- 

bw hue, i( ceases also ; but one of the commoner marine 

— the Conferva arcta, blent with a dwarfed En- 

, — commencing a very little below where the 

Cilalse ends, and taking its place, clothes over the runnels 

a covering of green for several feet higher : in some 

i, where it is frequently washed by the upward dash of 

ses above even the flood-line ; and in some 

R'fireviee of the rock beside it, oCten as low as its upper edge, 

f we may detect stunted tufts of the sea-pink or of the scurvy- 

r grass. But while there is thus a vegetation iniermcdiate in 

ryZace between the land and the sea, we find, as if it had been 

raelecfed purposely to confound the transmutation theory, 

> degree intermediate in character. For, while 

r It is chiefly marine weeds of the lower division of the con- 

r fervce that creep upwards from the sea to meet the vegeta- 

a of the land, it is chiefly terrestrial plants of the higher 

ision of the dicotyledons that creep downwards from the 

bnd to meet the vegetation of the sea. The salt-worts, the 

IjlasB-worts, the arenaria, the thrift, and the scun-y-grass, are 

rII dicotyledonous plants. Nature draws a deeply-marked 

e of division where the requirements of the transmutatiro 

r hypothesis would demand the nicely graduated softness of a 
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shade i one ; and, addressiog the Btroogly marked floras on 
eilher hand, even raore sternly than the waves themselves, 
demaoda that to a certain definite bourne should they come, 
and BO further. 

But in what form, it may be asked, or with what limita- 
tions, ought ihe Christian conlroversialist to avail himself, in 
this question, of ihe experience argument? Much ought to 
depend, I reply, on the posiiioo taken up by the opposite 
aide. We find no direct reference made by the author of 
the " Vestiges " to the ami-miracle argument, first broached , 
by Hume, in a purely metaphysical shape, in hia well-known 
" Inquiry," and aRerwards thrown into the algebraic form by 
La Place, in his £3iai philosopMqw sur lea Probahilites. Bui 
we do not detect its influences operative throughout Ihe entire 
work. It is because of some felt impracticabilily on the port 
of its author, of attaining to the prevailing belief in the miracle 
of creation, that he has recourse, instead, lo the so-called tate 
of development. The lata and the miracle are the alternatives 
placed before him ; and, rejecling the miracle, he closes with 
the iaiD, Now, in such circumstances, he can have no more 
cause of complaint, if, presenting him with the experience 
argument of Hume and La Place, we demand that he square 
[he evidence regarding the existence of his law strictly ac- 
cording to its requirements, than the soldier of an army tlial 
obarged its field-pieces with rusty noils would have cause of 
complaint if he found himself wounded by a missile of a 
similar kind, sent against him by the artillery of the enemy. 
Tou cannot, it might he fairly said, in addressing him, ac- 
quiesce in the miracle here, because, as a violation of the laws 
!, there are certain objections, founded on invariable 
experience, which bear direct against your belief in it. Well, 
■iera are the objo:lions, in the strongest form in which they 
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^ve yet been slated ; and here is your hypoilieaia respecting 
Ibe development of murine algas into lerreatriul plants. We 
hold that against that li polhesis the objections bear at least 
4B directly as against any miracle whatever, — oay, that not 
j^ly is it contrary to an invariable experience, but opposed 
■^Iso to all testimony. We regard it as a mere idle dream, 
JIaillet dreamed il, — and Lamarck dreamed it, — and Oken 
dreamed it ; but none of them did more than merely dream 
its existence rests on exactly the same basis of evidence 
u that of Whang the miller's " monstrous pot of gold and 
diamonds," of wbich he dreamed ihree nights in succession, 
but which he never succeeded in finding. If we are in error 
estimate, here is the argument, and here the hypothesis ; 
give us, in support of the hypothesis, the amount of evidence, 
founded on a solid experience, which the argument demands. 
But to leave the experience argument in exactly the state 
which it was left by Hume and La Place, would be doing 



real justice to our aubjecl. It is 

at to establish the fact, that there 

from belief in acts of creation ncvi 

grocesses of dnelopmatt 

law beyond the 
i!y rejected, 



that state quite sulfi- 

in be no real escape 

witnessed by man, to 

;d by man ; seeing 

lance of experience 

ipie of the argu- 



ment, as a presumed mirade beyond that cognizance. It 
places i!ie presumed lam and the presumed miracle on exactly 

ame level. But there is a palpable Haw in the anti-mira- 
cle argument. It does not prove that miracles may not haee 
taken place, but that miracles, whether they have taken place 

1, are not to be credited, and this simply because they are 

:Ies, t. e. violations of the established laws of nature. 
And if it be possible for events lo take place which man, on 

in principles, is imperatively required not to credit, these 
23* 



principles must of course serve merely to establisli a discrep- 
ancy between the actual slate of things, aod what is to be 
believed regarding it. And thus, instead of serving purposes 
of truth, they are made to subserve purposes of error ; for 
the existence of truth in the mind is neither more nor less 
than the existence of certain conceptions and beliefs, ade- 
quately representative of what actually is, or what really hat 
taken place. 

I cannot better illustrate this direct tendency of the anti- 
miracle argument to destroy truth in the mind, by bringing 
the mental beliefs into a state of nonconformity with the pos- 
sible and actual, than by a quotation from La Place himself: 
" We would not," he says, " give credit to a man who would 
affirm that he saw a hundred dice thrown into the air, and that 
they all fell on the same faces. If wo had ourselves been 
Bpeclators of such an event, we wotild not believe our own 
eyes till we had scrupulously examined all the ci re u instances, 
and assured ourselves that there was no trick or deception. 
Af\er such an examination, we would not hesitate to admit 
it, notwithstanding its great improbability ; and no one 
would have recourse to an inversion of the laws of vision 
in order to account for it." Now, here is the principle broad- 
ly laid down, that it ia impossible to communicate by the 
evidence of testimony, belief in an event which might 
happen, and which, if it happened, ought on certain condi- 
tions to be credited. No one knew better than La Place 
himself, that the possibility of the event which he instanced 
could be represented with the utmost exactitude by figures. 
The probability, in throwing a single die, that the ace wiil 
upper face, is as one in six, — six bebg 
of sides which the cube can possibly pre- 
with tic ace being one of these ; — tlis 
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Kptehnbiiily thai In throwing a pair of dice the acea of both 

Nrill be at once presented on their upper faces, is as one in 

jhirly-siji, as against the one sixth chance of the ace being 

I prcsenled by tlie one, there are alao s\x chances thai the ace 

I of the other should not concur with it; — and in throwing 

f lAree dice, the probabilily that their thre 

I once presented is, of course, on the sarr 

a thirty-six, or, in other words, af 

I and sixteen. And thus, in ascerlaini 

[ probability of the hundred aces at em 

I to go on multiplying by six, for each die we add to the num- 

i product of the immediately previous calculation. 

I tJnquealionably, the number of chances against, thaa balanced 

l-*ith the single chance /or, would be very great ; but iisexisi- 

rance as a definite number would establish, with all the force of 

^^mthmelit^al demonstratiop, the possiltility of tiie event ; and 

Kif an eternity were to be devoted to the throwing into the air 

I of the hundred dice, it would occur an infinite number nf times, 

I And yet the principle of Hume and La Place forms, when 

I adopted, an impassable gulf between this possibility and hu- 

an belief. The possibility might be embodied, as we see, in 

I actual occurrence, — an octiurrence witnessed by hun- 

I dreds ; and yet the anti-miracle argument, as illustrated by 

I I* Place, would cut off all communication regarding it be- 

I tween these hundreds of witnesses, however unexceptionable 

r. character as such, and the rest of mankind. The prin- 

kiaple, instead of giving us a right rule through which the 

f beliefs in the mind are to be rendered correspondent with the 

jalily of things, goes merely to establish a certain imperfec- 

of transmission from one mind to another, in consequence 

f which, rea.ities in fact, if very extraordinary ones, could 

I not possibly be receivec as objects of boHef, nor the mental 
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appreciulion of things be rendered adequately concurrent with 
the state in which the tilings really existed. 

Nor is the case diiTerent when, for a possibitili/ which the 
arithmetician can represent by figures, we substitute the 
miracle proper. Neither Hume nor La Place ever attempted 
to show that miracles could not take place ; ihcy merely di- 
rected their argument against a belief in them. The wildest 
sceptic must admit, if in any degree a reasonable man, ihal 
there may exist a God, and that that God mar/ have given laws 
to nature. No demonstration cf the non-existence of a Great 
First Cause has been ever yet attempted, Dor, until the knowl- 
edge of some sceptic extends over all space, ever can be 
rationally attempted. Merely to doubt the fact of God's ex- 
istence, and lo give reasons for the doubt, must till (hen form 
the highest achievements of scepticism. And the God who 
may thus exist, and who may have given laws lo nature, may 
also have revealedhimself loman.and, in order lo secure man's 
reasonable belief in the reality of the revelation, may have 
temporarily suspended in its operation some great oatural 
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I ^ly one to BLX, is as one m ifie. Again, — in accorclnnue 
T with an expectation so general among the human famity BS to 
; ibmi one of the great instincts of our nature, — an instinct 
a which every form of religion, true or false, bears evidence, 
— it is in DO degree less probable that tliis God should have 
r revealed himself to man, Ihan that lie should not have re- 
[ sealed himself to man ; and here the' chances are again as 
not, B3 in the second stage of the calculation 
one to Ihiriy-six. Nor, ia the third and lasl 
probable that God, in revealing himself to man, 
iven miraculous evidence of the truth of the 
bat man " might believe in Him for His work's 
Bake," than that He should not have done so ; and here yet 
again the chances are as one lo one, — not as one to two hun- 
dred and sixlcen. No rational scejitic could fix the chances 
lower; nay, tio rational sceptic, so far as the existence of a 
Great First Cause ia concerned, would be inclined .to fix 
em so low : and yet it is in order to annihilate all belief in 
possibility against which the chances are so few as to be 
■presenled — scepticism itself being the actuary in the case 
— by three units, that Hume and La Place have framed their 
argument. Miracles nioy have taken place, — the prohabili- 
igainst them, stated in their most extreme and exag- 
ans many or strong; but we are 
that they did take place, simply 
Now, the effect of the estubli^j- 
his would bo simply, I repeat, the 
ma beliefs, how- 
generation of 
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1 lo another. These beliefs ihe first set or generation 

hi, on La Place's own principles, be compelled 

, ■ The evidoiict' of the s*iiscs, however wunderful fh 
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evfini which lliey certified, is not, he himself tells us, to bo 
resisted. But the conTiction which, on one set of priociplcs, 

these men were on no account to resist, ihe men that came 
immediately after them were, on quite another set of prin- 
ciples, on no account to entertain. And thos the anti-miracie 
argument, instead of leadirg, as all true philosophy ought, to 
an exact correspondence biilween the realities of things and 
the convictions received by the mind regarding them, palpably 
forms a bar to the rei-eption of beliefs, adequate to the possi- 
bilities of actual occurrence or event, and so constitutes an 
imperfection or flaw in the mental economy, instead of work- 
ing an improvement. And, in accordance with this view, 
*e find that in the economy of minds of the very highest 
order this imperfection or flaw has had no place. Lcx:ke 
studied and wrote upon the subject of miracles proper, and 
exhibited in his " Discourse" ail the profundity of his ex- 
traordinary mind ; and yet Locke was a believer. Newton 
studied and wrote on the subject of miracles of another kind, 
— those of prophecy ; and he also, as shown by his " Obser- 
vations on the Prophecies of Daniel and the Apocalypse," 
was a believer, Butler studied and wrote on the subject of 
miracles, chiefly in connection with " Miraculous Revela- 
tion;" and he also was a believer. Chalmers studied and 
wrote on the subject of miracles id his " Evidences," afler 
Hume, La Place, and Playfair had all promulgated their pe- 
I culiar views regarding it ; and he also was a believer. And 

I in none of the truly distinguished men of the present day, 
I though all intimately acquainted whh the anti-miracle argu- 
I ment, is this flaw or imperfection found to exist: on the con- 
L trary, they all hold, as becomes the philosophic intellect and 
^k character, ihat whatever is possible may occur, and that what- 
^B '.ver occurs ought, on the proper evidence, to be believed. 
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But though the experience argument is of no real force, 
and, as ahowo hy the beliefs of the higher order of niitids, of 
no real eflect, when brought to bear against miracles sup- 
ported by the proper testimony, it is of great force and effect 
when brought to bear, not against miracla, hut against some 
presumed late. It is experience, and experience only, that 
delermioes what is or is not law , and it is law, and law only, 
thai constitutes the subj eel- matter of ordinary experience 
Experience, in determining what is really miracle, doea so 
simply through its positive knowledge of law : by knowing 
law, it knows also what would be a violation of it. And 
so miracle cannot possibly form the subject -matter of ex- 
perience in the sense of Hume, For did miracle consti- 
tute the subject-matter of experience, the law of which the 
miracle was a violation could not : most emphatically, in this 
case, were there " no law " there could be " do Imnsgress- 
ion 5" and so experience would be unable to recognizp, not 
only the existence of the law transgressed, but also of the 
roirocie, in its character as such, which was a transgression 
of the law. Wo determine from experience that there 
exists a certain fixed law, known among men as the law 
of gravitation; and that, in consequence of this law, if a 
human creature attempt standing upon the sea, he will sink 
into it ; or if he attempt rising from thefarth into the heavens, 
he will remain fixed to the spot on which the attempt is 
made. Such, in these cases, would be the direct eiTccts of 
this gravitation law; and any presumed law antagonistic in 
its character could not be other than a law contrary to that 
invariable experience by which the existence of the real law 
in the case is determined. But certain it is — for the evi- 
dence regarding the facts cannot be resisted, and by the 
greater minds has not boon resisted — that a man did once 
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walk upoD the aea without sinking into it, and did ouce 
ascend from the earth into the sky ; aod these miracles 
ought not lo be tested — and by earoeal ioquirera after truth 
really never have been tested — by any experience of the 
uniformity of the law of which they were professed trans- 
gressions, Becing it was essentially and obviously necessary 
that, in order to serve the great moral purpose which God 
intended by them, the law which they violated should liave 
been a uniform law, and thai ihey should have been palpable 
violations of it. But while the experience argument is thus 
of no value when directed against well-attested miracle, it is, 
as I have said, all-potent when directed against presumed 
law. Of law we know nothing, I repeat, except what expe- 
rience tells us. A miracle contrary lo experience in the 
sense of Hume is simply a miracle ; a presumed law contrary 
to experience is no law at nil. For it is from experience, 
inly, that we know any thing of natural 
law. The argument of Hume and La Place is perfect, as 
such, when direc'ed against the development visions of tbe 
L^marckian. 
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STATE. 



When Maillet first proraiilgaled his hypothesis, many of the 
departments of natural history existed as mere regions of 
fohle and romance ; and, in addressing himself to the Jl/uicfl- 
iini of Paris, in a popular work as wild and amusing as a 
fairy tale, he could safely tuke the liberty, and he did lake it 
very freely, of exaggerating ihe marvellous, and adding fresh 
fictions to the untrue. And in preparing ihem for liis theory 
af ihe melamorphoses of a marine into a terrestrial vegeta- 
tion, he set himself, in accordance wilh his general character, 
to show that really the tmnsrauiation did not amount to 
much. " I know you have resided a long lime," his Indian 
Philosopher is made lo say, " at Marseilles. Now, you can 
bear me witness, ihai the fishermen there daily find in (heir 
nets, and among their fish, plants of a hundred kinds, with 
their fruits still upon them ; and though these fruita are not 
so large and po well nourished as those of our earth, yet 
Ihe species of these plants is in no other respect dubious. 
They there find clusters of white and bluck grapes, peach- 
trees, pear-trees, prune-Irees, apple-trees, and all sorts of 
lowers. When in that city, I saw, in the cabinet of a curious 
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gentleman, a prodigious number of those sen- pnid net ions 
diflerenl qualities, especially of rose-trees, which had their 
roses very red when they came out of the sea. 1 was there 
presented with a cluster of black sea-grapes. It was al ihe 
lime of the vintage, and there were two grapes perfectly 
ripe." 

Now, all this, and much more of the saras nature, ad* 
dressed to the Parisians of ihe reign of Louis the Fifteenth, 
passed, I doubt not, wonderfully well ; but it will not do now, 
when almost every young girl, whether in town or country, is 
a botanist, and works on the algS! have become popular. Since 
Muillei wrote, Hume promulgated his argument on Miracles, 
and La Place his doctrine of Probabilities. There can be no 
doubt that these have eserled a wholesome influence on the 
laws of evidence ; and by these laws, as restricted and 
amended, — laws to which, both in science and religion, we 
ourselves conform, — we insist on trying the Lamarckian 
hypothesis, and in condemning it, — should it be found to have 
neither standing in esperience nor support from testimony, — 
as a mere feverish dream, Jncolierent in its parts and base- 
less in its fabric. Give, we ask, but one well-attested in- 
stance of transmutation from the nlgw to even the lower 
forms of terrestrial vegetation common on our sea-coasfs, 
and we will keep the question open, in expectation of more. 
It will not do to tell us — as Cuvier was told, when he ap- 
pealed to the fact, determined by the mummy birds and rep- 
tiles of Egypt, of the fixity of species in all, even the slightest 
particulars, for at Seast three thousand years — that immensely 
;nded periods of time are necessary to effect specific 
■ihanges, and that human observation has not been sp-ead over 
, period sufficiently ample to furnish the required data re- 
[ irding them. The apology is simply a confession that, in 
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lliese ages of llic severe inductive philosophy, you have been 
dreaming your dreora, cul off, qs if by the stale of sleep, from 
all the tangibilities of the real waking-day world, and that you 
have not a vestige of testimony with which to support youi 
ingenious vagaries. 

But on another account do we refuse to sustain the excuse. 
It is not true thai human observation has Dot been spread 
over a period sufficiently extended to furnish the necessary 
data for testing the development hypothesis. In one special 
walk, — that which bears on the supposed Iransmulation 
of algse into terrestrial plants, — human observation has 
been spread over what is strictly siialogous to millions of 
years. For extent of space in this matter is exactly corre- 
spondent with duration of lime. No man, in this lale period 
of the world's history, attains to the age of five hundred 
years ; and as some of our larger English oaks have been 
known to increase in bulk of trunk and extent of bough for 
five centuries together, no man can possibly have seen the 
same huge oak pass, according to Cowper, through its va- 
rious stages of " treeship," -^ 

"Firat a seedling hid in grass; 
Then tnig ; then sitpling ; and, as centDry xdQa 
Glow after century, a giant bulk. 
Of girth enormons, with moss- cuahioned root 
Uphcnved above the aoil, and sidea embossed 
■With prominent wens globose." 
But though DO man lives throughout five hundred years of 
time, he can trace, by passing in some of the English forestii 
through five hundred yards of space, the history of the oak 
in all its stages of growth, as correctly as if he did live 
throughout the live hundred years. Oaks, in the space of a 
few hundred yards, may be seen in every stage of growth, 
from the newly burst acorn, that presents to the light its 
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two fleshy lobes, with the first lender rudiments of a leaflet 
between, up to the giant of the foreat, in the hollow of whoso 
Irons the red deer may shelter, and find ample room for the 
broad spread of his antlers. The fact of the development of 
the oaV, from the minute two-lohed seedling of a week's 
growth op to the gigantic tree of five centuries, is as capable 
of being demonstrated by observation spread over five hon- 
dred yards of space, as by observation spread over five hon- 
Ired years of lime. And be it remembered, that ihe sea- 
ctiaats of the world are several hondred thousand miles in es- 
lent. Europe is by far the smallest of iho earth's four large 
divisions, and it is bounded, in proportion to its size, by a 
greater extent of land than any of the others. And yet the 
sea-coasts of Europe alone, lacluding those of its islands, 
exceed twenty-five thousand miles. We have results before 
us. Id this extent of space, identical with those of many hun> 
dred thousand years of time; and if terrestrial -plants wera 
as certainly developments of the low plants -of the sea as the 
huge oak ia a development of the immature seedling, just 
sprung from the acorn, so vast a%tretch of aea-coaaf could not 
fail to present us with the intermediate vegetation in all its 
stages. But the sea-coasts fail to exhibit even a vestige of 
the intermediate vegeiation. Experience spread over an ex- 
lent of space analogous to millions of years of lime, does 
not furnish, in this department, a single fact corroborative 

iof the development theory, but, on the contrary, many hun- 
dreds of facts that bear directly against il. 
Tlie au'.hor of the "Vestiges" is evidently a practised and 
asleful writer, and his work abounds in ingenious combi- 
oationa of thought; but those powers of abstract reilection, 
Pn whose vigorous ('xerciae the origination of argument de- 
fiRniis, nature aiems to have denied him. There are two 
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thiflga in especial which his work wnnts, — original ohserva- 
tion and ahstracl thought, — the power of seeing for himself 
and of reasomtig for himself; and what we lirid instead is 
simply a vivid appreciation of the images of (htnga, as thei% 
images exist in other minds, and a vigorous perception of the 
various shades of resemblance which obtain among them. 
There is a large amount of analogical power exhibited ; hut 
that basis of truth which correct observation can alone furnish, 
and that ability of nicely distinguishing differences by which 
the faculty of discerning similarity must be forever regu- 
lated and governed, are wanting, in what, in a mind of fine 
general texture and quality, must be regarded as an extraor- 
dinary degree. And hence an ingenious hut very unsolid 
work, — full of images tmnsforred, not from the scientific 
field, but from the field of scientific mind, and charged with 
glittering but vague resemblances, sinmped in the mint of 
fancy ; which, were ihey to be used as mere counters in some 
light literary game of story-telling or character-sketching, 
would be in no respect out of place, but which, when passed 
current as the proper coin of philosophic argument, are really 
frauds on the popular understanding. There are, however, 
not a few instances in the "Vestiges" and its "Sequel," in 
which that defect of reflective power to which I refer rather 
enhances than diminishes the difiicully of reply, by presenting 
to the controversialist mere intangible clouds with which to 
grapple ; that yet, through the existence of a certain super- 
Btilion in the popular mmd, as predisposed to accept as true 
whatever takes the form of science, ns its predecessor the old 
BUperBtiiion was inclined a century ago to reject science itself, 
are at least suited to blind and bewilder. Of (his kind of 
difficulty, the following passage, in which the author of the 
work cashiers the Creator as such, and substitutes, instead, e 
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e animal- manufacturing piece of clock- worlc, which bcara 
name of natuml law,* furaishea us with a remarkable in- 



" Admitting," he remarks, " that we see u 



V any such 



■ Wc ETC supplied with ft cuiioiu sxamplo of that eTEr-rctum- 
ing cycle of speculation, in which tha buraan mind operalea, by 
noC only the introduction of the principle of Epicurua into the 
" Vestiges," but also by the unoonscious employment of cveii 
hia very arpum^nU, slightly modiRed by the Qrjutiiig Aeini-&cienti£c 
nociom of the time. The following pasHBges, taken, the one from 
the modem work, the other &ora F6n61oii'9 lite of the old Greek 
philosopher, are not unworthy of being studied, a^ curiaualy illus- 
trative of the cycle of thought. Epiourus, I must, however, first 
rmnlnil the reader, iu the words of hia btagrapher, " supposed 
that men, ajid all other aniioBla, were originally produced by tha 
ground. According to him, tbe prin itive eiLrth was fat &nd nitrous ; 
and the sun, graduidly wiirroiiig it, soon covered it with herbage 
and shrubs : there also began to mse on the suifacQ of tho ground 
a great number of small tumors like mushrooms, which having 
in a certain time come to maturity, the skin burst, and there came 
forth little animals, which, gradually retiring &om the place where 
they were produced, began to respire." And there oan be little 
doubt, that bad the microscope been a discovery of early Greece, 
the passage here would have told us, not of mushroom-like tumors, 
but of monads. Save that the element of microscopic fact is awant- 
iii^ in the one and present in the other, the following are Htrictly 



rallel lines of argumen 



"To the natural objection the 
the earth does not now pcoduc 
lions, and dogs, Epicuiu 
a tliat the fecundity of the 
is now eshausted. In a 
vanced age a woman ceases 



" In the 6T8t place, there is no 
reason to suppose that, though 
life had been imparted by nato- 
>, after the tirst cool- 
ing of the surface to a suitable 
temperament, it would continue 
r Ehildien; a piece of land thereafter to be capable of being 
: cultivated produces imparted in like manner. The 
during the few Brst great work of the peopling of 
I years than it doe? afterwards ; this globe with living specieB is 
^ ftnd when a forest is once cut mainly a Jact accomplished: Qm 
, the soil never produces highest known species came a> 
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liict Et9 the prodi 
while Guch facts 
< ated phenomena 

mple, when the 



arth 



lies, we at least know, that 
ig upon earth, there wereasaoci- 
f a character perfectly ordinary, 
■eceived ita first fi3hea,saiidslonB 



■ aod limesloue were forming in the manner exemplified a few 
years ago in the ingenioua experiments of Sir James Hall ; ba- 
»ltic columna rose for the future wonder of man, according 
to the principle which Dr. Gregory Wall showed in operation 
bBfors the eyes of our fathers ; and hollows in the igneous 
rocks were filled with crystals, precisely as they could now 



tiecB eqnal to those whicli hnvi! 
been rooted up. Those which 
afterwards planted liccome 
dwarfish, and are perpetually 
degenerating, We are, however, 
1]B argues, bj' no means certain 
but there may be at present rab- 
bits, hares, fosea, beara, nnd 
other animals, produeod hy the 
earth in Cheii perfect elate. The 
on why we aro backward in 
ndmitting it ie, that it happens 
' 1 reljred places, and never falla 
under our view ; and, never sec- 
produced by other rats, we adopt 
tlie opinioD that the earth never 
pro^^ced any." {Fiii^knt'i Lino 
tiftit AHciaiU Fhloiophen.) 




a crowning effort thousands of 
yoars ago. The work being thus 
to all appearance finished, we 
are not necessarily to expect that 
the originatJoa of life and of 
apccioB should be conspicuously 
exempliEcd in the present day. 
\Va are rather to expect that the 
vital phenomena prcaentcd to 
our eyes should mainly, if not 
entirely, be limited to a regular 
and unvarying succession of 
races by the ordinary means of 
generation. This, however, ih 
no more an argument againat a 
time when phenomena of the 
first kind prevailed, than ii 
would he a proof against the 
fact of a mature man having 
once been a growing youth, that 
he is now seen growing no 
longer. • » ■ Secondly, it 
is far from being certain that 
the primitive imparting of life 
Uid form to inorganic elements 
u not a fact of our times. ( I'u- 
tiget of Creation.) 
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be by virtue of electric action, as shown within the last few 
years by Crosse and Becquerel. The seas obeyed the im- 
pulse of gentle breezes, and rippled their sandy bottoms, as 
seas of the present day are doing ; the trees grew as now, 
by favor of sun and wind, thriving in good seasons and 
pining in bad : this while the animals above fishes were yet 
to be created. The movements of the sea, the meteorologi- 
cal agencies, the disposition which we see in the generality 
of plants to thrive when heat and moisture were most abun- 
dant, were kept up in silent serenity, as matters of simply 
natural order, throughout the whole of the ages which saw 
reptiles enter in their various forms upon the sea and land. 
It was about the time of the first mammals that the forest 
of the Dirt-Bed was sinking in natural ruin amidst the sea 
sludge, as forests of the Plantagenets have been doing for 
several centuries upon the coast of England. In short ill 
the common operations of the physical world were going on in 
their usual simplicity^ obeying that order which we still see 
governing them; while the supposed extraordinary causes 
were in requisition for the development of the animal and 
vegetable kingdoms. There surely hence arises a strong pre- 
sumption against any such causes. It becomes much more 
likely that the latter phenomena were evolved in the manner 
of law also, and that we only dream of extraordinary causes 
here, as men once dreamt of a special action of Deity in 
every change of wind and the results of each season, merely 
because they did not know the laws by whioh the events in 
question were evolved." 

How, let us suppose, would David Hume — the greatest 
thinker of which infidelity can boast — have greeted the 
auxiliary who could have brought him such an argument as a 
rontribution io the ca ase ? " Your obiection^ so far as you ha *e 
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tt ated it," ihe philosopher might have said, " amounts simply 
to this : — Creation by direct act is a miraele ; whereas all 
that esista is prnpngated and maintained by natural law. Nat- 
ural laws — lo vary the illustration — were in full operation at 
the period when the Auihor of the Christian religion was, it 
is said, engaged in working his miracles. When, according to 
our opponents, he walked upon the surface of the sea, Peier, 
through the operation of the natural law of gravitation, was 
sinking into il ; when he withered, hy a word, the barren 
fig-tree, there were other trees on the Mount thriving id 
conformity with the vegetative laws, under the influence of 
sun and shower ; when he raised (he dead Lazarus, there 
were corpses in the neighboring lomhs passing, through the 
oatunil putrefactive fermentation, into a slate of utter de- 
composition. In fine, at the time when he was engaged, 
as Beid and Campbell believe, \a working miracles in vio- 
lation of law, the laws of which these were a violation 
actually existed, and were every where actively operative ; 
or, to employ your own words, when the New Testa- 
ment miracles were, it is alleged, in the act of being 
wrought, ' all the common operations of the physical world 
were going on in their usual simplicity, obeying that order 
which we still see governing them.' Such is the portion of 
Vour statement already made; what next?" "It is surely 
rery unlikely," replies the auxiliary, " that in such a com- 
)lex mass of phenomena there should have been two totally 
Jisiinct modes of the exercise of the Divine power, — the 
mode by miracle and the mode bylaw." "Unlikely!" re- 
joins the philosopher ; " on what grounds ? " " O, just wn- 
likelsC' says the auxiliary ; — " unlikely that God should he at 
once operating on matter through the agency of natural laws, 
of which man knows mvck, and through the agency of mirami 
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lous acts, of the nature of which man knows nothing. But I 
have not thought out the subject any further : you have, in the 
statement already made, my entire argument^ *' Ay, I see," 
the author of the " Essay on Miracles " would probably have 
remarked ; " you deem it unlikely that Deity should not only 
work in part, as he has always done, by means of which men, 
— clever fellows like you and me — think they know a great 
deal, but that he should also work in part, as he has always 
done, by means of which they know nothing at all. Admirably 
reasoned out ! You are, I make no doubt, a sound, zealous 
unbeliever in your private capacity, and your argument may 
have great weight with your own mind, and be; in conse- 
quence, worthy of encouragement in a small way ; but allow 
me to suggest that, for the sake Df the general cause, it 
should be kept out of reach of the enemy. There are in the 
Churches Militant on both sides of the Tweed shrewd com* 
batants, who have nearly as much wit as ourselves. ' I think 
I understand the reference of the author of the " Vestiges " 
to the dream " of a special action of Deity in every change 
of wind and the results of each season." Taken with what 
immediately goes before, it means something considerably 
different from those fancies of the " untutored Indian," who, 
according to the poet, 

** Sees God in clouds, or hears him in the wind." 
There is a school of infidelity, tolerably well known in the 
capital of Scotland as by far the most superficial which our 
country has yet seen, that measures mind with a tape-line 
and the callipers, and, albeit not Christian, laudably exem- 
plifies, in a loudly expressed regard for science, the Christian 
grace of loving its enemy. And the belief in a special Prov- 
idence, who watches over and orders all things, and without 
whose permission there falleth not even a " sparrow to the 
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ground," the apostlea of ihis school set wholly aside, aubsti- 
tutiag, instead, a belief io the iDdiscrimiatitiDg operation 
of Datural laws ; as if, wilh the broad fact before them thai 
even man can work out his will merely by knowing and di- 
reciing these laws, the God by whom they were ioBlituted 
should lack either the power or the wisdom lo make ihem 
the pliant minialers of his. It is, I fear, to the distinctive 
tenet in the creed of this hapless school that the author of 
the " VeBliges " refers. Nor is it in the least surprising, 
Ihat a writer who labors through two carefully written vol- 
» destroy the existing belief in "God's works of 
Creation," should affect lo hold that the belief in his " works 
of Providence " had been destroyed already. But faith in a 
speciai superintendence of Deity is not yet dead : nay, more, 
He who created the human mind look especial care, in its con- 
struction, thai, save in a few defective specimens of the race, 
the belief should never die. 

The author of the " Vestiges " complains of the illiherality 
with which he has been treated. " It has appeared to vari- 
e find him saying, " that very sacred princi- 
ples are threatened by a doctrine of universal law. A natu- 
ral origin of life, and a natural basis in organization for the 
operations of the human mind, speak to them of fatalism and 
materialism. And, strange to say, those who every day give 
f physical cosmogony altogether discrepant T appear- 
ance with that of Moses, apply hard names lo my book for 
suggesting an organic cosmogony in the same way, liable lo 
inconsiderate odium. I must firmly protest against this mode 
of meeting speculations regarding nature. The object of my 



" Vestiges 0/ the Natural History of Creation," and " Ei^nalioi 
hdiny a Se^eliothe Featii/es." 
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book, whatever may be said of the manner in which it is 
treated, b purely scientific. The views which I give of the 
history of organization stand exactly on the same ground 
upon which the geological doctrines stood fifly years aga 
1 am merely endeavoring to read aright another chapter of 
the mystic book which God has placed under the attention 
of his creatures. . . The absence of all liberality in my 
reviewers is striking, and especially so in those whose geologi- 
cal doctrines have exposed them to similar misconstruction. 
If the men newly emerged from the odium which was thrown 
upon Newton's theory of the planetary motions had rushed 
forward to turn that odium upon the patrons of the dawning 
science of Geology, they would have been prefiguring the 
conduct of several of my critics, themselves hardly escaped 
from the rude hands of the narrow-minded, yet eager to join 
that rabble against a new and equally unfriended stranger, as 
if such were the best means of purchasing impunity for them- 
selves. I trust that a little time will enable the public to peU' 
eirate this policy, ^^ 

Now, there is one very important point to which the author 
of this complaint does not seem to have adverted. The as- 
tronomer founded his belief in the mobility of the earth and 
the immobility of the sun, not on a mere dream-like hy- 
pothesis, founded on nothing, but on a wide and solid base of 
pure induction. Galileo was no mere dreamer ; — he was a 
discoverer of great truths, and a profound reasoner regard- 
ing them : and on his discoveries and his reasonings, com- 
pelled by the inexorable laws of his mental constitution, did 
he build up certain deductive beliefs, which had no previous 
existence in his mind. His convictions were consequents, 
not antecedents. Such, also, is the character of geological 
discovery and inference, and of the existing belief, — their 
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joint production, — regtinJing the great antiquity of the globe. 

sologiat worthy of the name began with the beHef, and then 
Set himself to square geological phenomena with its require- 
menta. Ii la a deduction, — a result ; — not the starting as- 
aumptioa, or given sum, in a process of calculation, but its ulti- 
jnale finding or answer. Clergymen of the orthodox Churches, 
•uch as the Sumners, Sedgwicka, Bucklands, Conybeares, and 
Pye Smiths of England, or the Chalmerses, Duncans, and Fiem- 
inga of our own country, must have come to the study of 

question of the world's age with at least no bias in favor 
of the geological estimate. The old, atid, as it has proven, 

leous reading of the Mosaic account, was by much too 
general a one early in the present century, not to have esert- 
upon ihem, in their character as ministers of religion, a 
sensible influence of a directly opposite nature. And the fact 
of the complete reversal of iheir original bias, and of the 
broad unhesitating finding on the subject which they u!ii- 
tely substituted instead, serves to intimate to the unin- 
itiated the strength of the evidence to which they submitted. 
There can be nothing more certain than that it is minds of 

ame calibre and class, engaged in the same inductive 
track, thai yielded in the first instance lo the astronomical 
evidence regarding the earth's motion, and, in the second, to 

geological evidence regarding the earth's age.* 
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But how very different ihe nature and history of tne de- 
velopment hypothesis, and the character of the ioEellccta 
with whom it originated, or by whom it has besL since 



ing impunity for themselves," they would succeed ii 
disappointment for tlieii pains : — 



" Ta ihn Editor cft/u Scattiih Prai. 

•' SlB, — I occasionally obserya artides in ynar neighbor and 
contemporary the Witneij, characterisUcHlly headed ■ Hombles of 
a Geologist,' nbeiein the writer with great zeal once more 'sloya 
the slain' heresies of tha 'Vcatigpa of Creation.' This writer (ot 
the ' Bantblcs,' I mean) nevertheless, and at the same time, an- 
nounces his own tenets to be much of the same sort, as applied to 
mere dead matter, that those of the 'Veatigea' are with, regard 
to living organisms. He maintains that the world, daring the 
last million of years, boa been of itself rising or dercloping, without 
the interpoaitioQ of a miracle, from ehaaa into its present state i 
and, of course, as it is still, as a world, eonfcssedly far below the 
acme of physical perfection, that it must be just now on its pas- 
sage, self-progressing, towards that point, which terminus it may 
reach in another million of years hence.[! I ', ] The author of the 
'Vestiges,' as quoted by the author of the 'Rambles,' in the last 
number of the lyit/tesa, eomplaina that the latter and his allies 
are not at all so liberal to him as, &om their present circumstances 
and position, he had a right to expect. He (the author of the 
< Vestiges ') reminds his opponents that they have themselves only 
lately emerged &om the antiquated scriptural notions that oui 
world was the direct and almost immediate construction of its 
Creator, — as much so, in fact, as any of its organized tenants, — 
and that it was then created in a state of physical eicellenoe, the 
highest possible, to render it a suitable habitation for these ten- 
ants, and all this only about six or seven thousand years aigo, 
' light of their present piyiieo-Lamarckian views ; 
asks, and certainly not without reason, why should (A«h 
nalanced, be so anxious to stop him in his attempt 
e step further forward in the very direction they them- 
■elvGS hare made the last mave!~tliat is, in his endeavor to ex' 
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['adopted ! In ihe first place, it existod as a wild dream ere 
fc^Geology had any being as a science. It was an antecedent, 
a consequent, — a. starting assumption, not a result. No 

tend their own principles of splf-dHvelopmcnt from mere matter 
to liying creatures. Now, Sir, I confess myself to to one of those 
(and poBflibly you may have more readers similarly coaatituted) 
who not only cannot sec any grent difference between merely pAyii- 
eal and organic devolopmpnt,[! !] but who wanld be inclined to allow 
the iutter, absurd as it is, the Bdvuntage in point of likelihood. [ ! ! ! ] 
The author of the ' Rambles," however, in the face of this, assures 
Ui that /lit viswa of physical self- development and long clironology 
belong to the inductiro Bciencei>. Now, I could at tliis stage of 
his rambles have wished very much that, instead of merely luy- 
he had given his dtmotialralion. He refers, indeed, to 
several great men, who, ho says, are of his opinion. Most that 
these men have written on the questioo at iasne I have seen, hut 
ippcarod far from demonatiatire, and some of them, X koow, 
had not fully made up their mind an the point. [! ! !] Perhaps the 
author of the 'Somblcs' could favor us with the inductive pro- 
I that converted himself; and, as the atlaLnment of truth, and 
victory, ia my object, I promise either to acquiesce in or ration- 
ally refute it.[?] Till then I hold by my antiquated tenets, that 
Id, nay, the whole niatorinl universe, was created about 
iven thousand years ago, and that in a state of physical 
excellence of which we have m our present fallen world only the 
vestiges of creation ' I conclude by mentioning that this view 
I have held now for nearly thirty y-eara, and, amidst all the vicissi- 
tudes of the piuloBophical world during that period, I have never 
Been cause to change it Of course, with this view I was, during 
the interval refcrrod to, a constant opponent of the once famous, 
though now eiploded, nebular hypothesis of La Place ; and I yet 
expect to see physical deoelopmeni and tonff chronoioffj/ wither also 
on this earth, now that iueib boot (the said hypothesis) has been 
eradicated from the sfLY.[! ! !] — I am, Sir, your most obedient ser- 

" PuilALETHES." 

I am afrud there is little hope of converting a man who has 
! held so stoutly by his notions " for nearly thirty years ; " eapecia!- 
-ly as, during that period, he has been acquainting himself with 
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one will contend that Maillet was a geologist Geology ha 
no place among the sciences in the age in- which he lived, 
and even no name. And yet there is a translation of his 

whit writers such na Dis. Cltolincra, BncUand, and Fje Smith 
have written on the other ddc. But for the dtnioiatralion wliich 
he asks, aa I have conducted it, I beg leave to refer him to the 
seceittecnth chapter of my little work, ■> First ImpresBiona of 
England and its People." 1 am, however, inclined to eoHpect 
that he is one of a class whose objections oro destined to be re- 
moved rather by the operation of the lana of matter than of 
those of mind. For it is a comfortable consideration, that in this 
. contioveiB; the geologists nair the Iowa of matter on Chni side ; ~ 
'■ the Blara in their courses ^ht against SUera." Their opponents 
now, like the opiHinmts of the nstranomer in the ages gone by, are, 
in most instances, men who have been atudjing the matter "Ibi 
ncBily thirty j-ear«." 'When they study it for a few years longei 
they disappear ; and the men of the same cast and calibre who suc- 
ceed them ore exactly the mco who throw Iheoiselvei most oon- 
Gdently into the arms of the cninny, and look down upon their pOOI 
ulent picdeL'Cssors with the loftiest commiseration. It is, however, 
not iminstructive to remark how thoroughly, in some inatances, 
the weaker frienda and the wilier enemies of Revelation are at one 
in their cancluBions respecting natural phenomena. The corre- 
apondcnt of the ScoUith Freii merely regards the views of the author 
of the " Veatiges " as possessing " the advantage, in pcnnt of likeli- 
hood," over those of the geologista his antagonists : his ally tile 
Dean of York goes greatly further, and stands up as stoutly for the 
transmutstjon of species as Lamarck himselL Descanting, in his 
New Syitem of Gtoloffn, on the various forms of trilobit^ uamo- 
nites, bclemnitos, &c. Dean Cockburn says, — 

" Those creatures appear to have poesossed the power of secreting 
irom the stone beneath tbenv a limy covering for th^ bocks, and, 
perhaps, fed partly on the same solid material. Supponng, now, 
that the Grst trilobites were destrayed by the XJandcilo Slates, 
some spawn of these creatures would arise above these flags, and, 
after a time, would be warmed into existence. These mnKuMS, [! !] 
then, having a better material from which to extract their food 
and covering, would probably expand in a shghtly dilTemit fbim, 
ukd with a more extensive mantle than what belonged to the 
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TiUiamed now lying before me, bearing dale 1750, in which 
I find very nearly the same account given of the origin of 



parent species. The same would be still wore Iho caao with a new 
generadon, fed upon a new deponit tiom anme deeper t-olcsno, such 
BB the Caradoc or Wcnlock Limcstooc, in whicti lime mors and mora 
predominatca. Now, if any one will examine the varioua prints of 
triloWtes in Sir R. Murchiaon'a valuable work, he will find bnt very 
trifiing differcnecs in any of them, [! !] and tkoao difFerencea only in 
the stony coverittg of their backii. I knew two brothers once 
much alike: tlic one became a cnrnto with a large family i the 
other a London Hldcrmnn. If the skina of these two pachydennata 
had been preserved in a fossil state, there would have been leas 
Tesemblance between them than between an Aiaphia It/rannui and 
■n An^hus eaudalta. • • • A careful and laborious investi- 
gation has discovered, as in the trilobitcs, a difference in the am- 
Toonites of different strata ; but such diffeieaces, as in tbo former 
o«se, exist only in the form of the external shell, and may be ex- 
pLdned in the same manner. [! !] ■ • • Aa to the scnphites, 
bacolites, belemnitea, and all Che other Ue» which learned ingenu- 
ity has so named, you find them in various strata the same in all 
important partieulars, but also differing slightly in their outward 
oovcrings, as mighC be expected from the different circumstances 
in which each variety was placed. [! !] The sheep in the warm val- 
leys of Andalusia have a fine covering like to hair; but remove 
them to a, northern eUmstc, and in a few generations the back is 
covered with shaggy wool. The animal is the same, — the covering 
only is changed. • • • The learned have classed those shells 
under the names of terebratula, orthis, atrypa, pccton, &c. They 
are all much alike. [! I '.] It requires an eipericnaed eye to distin- 
guish them one &om another : what little differences have been 
pointed out may readily bo ascribed, as before, to difference of 
situation." (! ! !] 

The author of the "Vestiges," with this, the fundamental por- 
tion of his case, granted to him by the Dean, will have exceedingly 
little difficulty in making out the rest for himself. The passage is, 
however, not without its value, as illustrative of the darkness, in 
mattora of physical science, " even darkness which may be felt," 
that is suffered to linger, in this the most scIentiSe of ages, in 
Church, of Buckland, Sedgwick, and Conyheare. 
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animals an! plants as that in the " Vestiges," and in which 
the sea is described as that great and fruitful womb of na- 
ture in which organization and life iirst began. Lamarck, 
at the time when Maillet wrote, was a boy in his altth 
year. He became, comparatively early in life, a skilful bota- 
nist and conchologist ; but not until turned of fifty did he 
set himself to study general zoology ; and his greater work 
on the invertebrate animals, on which his fame as a naturalist 
chiefly rests, did not begin to appear — for it was publiahed 
serially — until the year 1815. But his development hypothe- 
sis, identical with that of the " Vestiges," was givea to the 
world long before, — in 1802 ; at a dme when it had not been 
ascertained that there existed placoida during the Silurian 
period, or ganoids during the Old Red Sandstone period, or 
enaliosaurs during the Oolitic period ; and when, though 
Smilh had conslructcd his "■ Tabular View of the British 
Strata," his map had not yet oppeared, and there was little 
more known regarding the taws of superposition among the 
stratified rocks than was to be found in the writings of 
Werner. And if the presumption be strong, in the circum- 
stances, that Lamarck originated his development hypothe- 
sis ere he became in any very great degree skilful as a zoolo- 
gist, it is no mere presumption, but a demonstrable truth, 
that he originated il ere he became a geologist ; for a geolo- 
gist he never became. In common with Maillet and BufTon, 
ho held by Leibnitz's theory of a universal ocean ; and such, 
as we have already seen, was his ignorance of fossils, that 
Bcled dermal fragments of the Russian Asterolepia into 
js of Polyparia, — an error into which the merest 
lyro in paleontology cou'd not now fall. Such, in relation 
to these sciences, was the man who perfected iho dream of 
development. Nor has the most distinguished o 



lal aasertora now living, — Professor Okco, — any higlier 
claim to be regarded as a disciple of the inductive school of 
Geology than Lamarck. In the preface to the recently pub- 
lished translation of his " Physio-Philosophy," we find the 
following curious confession : — "I wrote the first edition of 
1810 in a kind of inspiration, and on that account it was 
not so well arranged as & systemalic work ought to be. Now, 
though [his may appear !o have been amended in ihe second and 
third edition, yet siill it was not possible for me to completely 
attain the object held in view. The book has therefore re- 
mained essentially the same as regard^} its fLindamenta! prin- 
ciples. It is only the empirical arrangement into series of 
plants and animals that has been modified from time to time, 
in accordance with the scientific elevation of their several de- 
partments, oT just as discoveries and anatomical imestigaliom 
have increased, and rendered some other position of the objects 
a matter of neressilr/." An interesting piece of evidence 
this; but certainly rather simple as a confession. It will bo 
found that while whatever gives value to the " Physio-Philoso- 
phy " of the German Professor {a work which, if divested of 
all the inspired bits, would be really a good one) was acquired 
either before or since its first appearance in the ordinary way, 
its development hypothesis came direct from the god. Fur- 
ther, as I have already had occasion to stale, Oken holds, like 
Lamarck and Maillet, by the universal ocean of Leibnitz ; he 
holds, also, that the globe is a vast crystal, just a little flawed 
in the facets; and that the three granitic components — 
quartz, feldspa:, and mica — are simply the hail-drops of 
heavy stone showers that shot athwart the original ocean, and 
accrjmulated into rock at the bottom, as snow or hail shoots 
athwart Ihe upper atmosphere, and accumulates, in the form 
of ice, on the summits of high hills, or in the arctic or antarc- 
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tic regions. Such, in Ihe present day, are the geological no- 
lions of Oken ! They were doubtless all pmtnulgaied in whui 
is modestly enough termed "a kind of iospiratioo ;" and 
there arc few now so ignorant of Geology as not to know that 
the possessing agent in tlie case — for inspiration is not quite 
the proper word — must have beea at least of kin to that 
ingenious personage who volunteered of old to be a lying 
spirit in the mouths of the four hundred prophets. And the 
well-known fact, that the most popular contemporary ex- 
pounder of Oken''3 hypothesis — the author of the " Vesiiges" 
— has in every edition of his work been correcting, modify- 
ing, or altogether withdrawing his Hlateraeals regarding both 
geological and zoological phenomena, and that his gradual 
development as a geologist and zoologist, from the sufficiently 
low type of acquirement to which his first edition bore witness, 
may be Iraced, in consequence, with a distinctness and ce^ 
tainty which we in vain seek in the cases of presumed devel- 
opment which he would so fain estabhsh, — has in its bearing 
esaclly the same eflecl. H: 
complete at a time when his : 
menial and imperfect. Give 



development hypothec 
and zoology wer 



i your facts, said the French- 
man, that I may accommodate them to my theory. And no one 
can look at the progress of the Lamnrckian hypothesis, with 
reference to the dates when, and the men by whom, it was pro- 
mulgated, without recognizing in it one of perhaps the most 
striking embodiments of the Frenchman's principle which the 
world ever saw. It is not the illiberal religionist that rejects 
i the inductive philosopher. Science 
1 the language of the possessed to the 
8 of Sceva the Jew ;—" The astronomer I know, and the 

; but who are ye f " 
One of the strangest passages in the "Sequel to the 
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Vestiges," 3 that in which ilB author carries his appeal from 
the tribunal of science to " another tribunal," indicated but 
not named, before which " this new philosophy " [remarkable 
chiefly for beiog neither philosophy nor new] " is to be truly 
and righteously judged." The principle is obvious, on which, 
i theologians, wholly unable, though 
character and tendency of his con- 
L scientifically, he might appeal from 
is with scientific truth," he might 
i, that I have aught to do." 
professing, as he does, to 



! his opponents r 

they saw the mischievou; 

elusions, to disprove ther 

theology to science : " i 
1 urge, " not with moral consequenc 
' But on what allowable principle. 



found his theory 
to the want of ii 
arguments on both aides i 
hardiy necessary to advert 



Afler discus 



can ho appeal from science 
sinjt," he says, " the whole 
mple a manner, it may be 
objeclion arising from the 



mere fact, that nearly all the scientific men are opposed to the 
theory of the ' Vestiges.' As this objection, however, is like- 
ly to be of some avail with many minds, it ought not to be 
entirely passed over. If I did not think there were reasons, 
independent of judgment, for the scientific class coming so 
generally to this conclusion, 1 might feel the more embar- 
rassed in presenting myself in direct opposition to so many men 
possessing talents and information. As the case really stands, 
I the ability of this class to give at the present a true response 
f upon such a subject appears extremely challengeable. Il is 
no discredit to them that they are, almost without exception, 
little department of science, and 
tention to other parts of that vast 
ini from age to age, we see them 
mujh to the known, and advanc- 
ists, but at the same time doing 



able to give litde or no e 
field. From year *3 year, 
at work, adding, no doubt, 



little for the e 



mportant i. 
ablishm 



it of comprehen 
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Experiments in however narrow a walk, facts of whatever 
miauteness, mntce reputations in scientiSc societies ; ad bevond 
is regarded with suspicion and distrust. The consequence is, 
that philosophy, as it exists amongst us, does nothing to raise 
its votaries above the common ideas of iheir time. There 
can therefore he nothing more conclusive against our hy- 
pothesis in the disfavor of the scientific class, than in that of 
any other section of educated men," 

This is surely a very strange statement. Waiving alto- 
gether the general fact, that great original discoverers in any 
department of knowledge are never men of one science or 
one faculty, but possess, on the contrary, breadth of mind 
and multiplicity of acquirement ; — waiving, loo, the particu- 
lar fact, that the mora distinguished original discoverars of 
the present day rank among at once its most philosophic, 
moal elegant, and most extensively informed writers ; — grant- 
ing, for the argument's sake, that our scientific men are men 
of narrow acquirement, and "exclusively engaged, each in 
his own little departnent of science ; " — it is surely rational 
to hold, notwithstanding, that in at least these little depart- 
ments they have a belter right to be heard than any other 



class of persons whatever, 
man of science what we a' 
chanic. A cotton-weaver 
narrow man, " exclusirely 
ment;" and yet certain it i 



We must surely not refuse to the 
onco grant to the common me- 
or calico-printer may he a very 
engaged in his own little depart- 
that, in a question of cotton-weav- 
Mg or calico-printing, his evidence is justly deemed more 
:onclusive in courts ai law than that of any other man, 
however mt»;h his supsrior in general breadth and intelli- 
gence. And had the author of the '' Vestiges " founded his 
hypothesis on certain facts pertaining to the arts of cotlon- 
veaving and calico-printing, the cotton-weaver and caUco- 



printer would have an indisputable right to be heard on the 
question of their general correctness. Are we to regard the 
case as different because it is on facts pertaining to science, 
not to cotton-weaving or calico-printing, that fie professes lo 
found ? His hypothesis, unless supported by scientific evi- 
dence, is a, mere dream, — a fictioQ as baseless and wild as 
any in the " Fairy Tales " or the " Arabian Nights." And, 
fully sensible of the fact, he calls in as witnesses the physical 
sciences, and professes to take down their evidence. He 
calls into court Astronomy, Geology, Phytology, and Zoology. 
" Hold 1 " exclaims the astronomer, as the examination goes 
on ; " you are taking the evidence of my special science most 
unfairly ; I challenge a right of cross-examining the witness." 
" Hold 1 " cries the geologist ; " you are putting my science to 
the question, and extorting from il, in its agony, a whole 
series of ficliona : I claim the right of examining it fairly and 
softly, and getting from it just the sober truth, and nothing 
more." And the phytologist and zoologist urge exactly sim- 
ilar Claims. " No, gentlemen," replies the author of the 
" Vestiges," " you are narrow men, confined each of you to 
his own little department, and so I will not permit you to 
cross-examine the witnesses." " What ! " rejoin the men of 
science, " not permit us to examine our own witnesses ! — re- 
fuse to us what you would at once concede to the cotton- 
weaver or the calico-printer, were the question one of cotton- 



ar of calico-printing ! We a 

Tien than the man of cotton o 

L our own little departments that 

shall not be heard, gentlemen,' 
the " Vestiges ; " " at all events, I shall i 
for anything you say. For observe, gentlemen, my hypothe- 
sis is nothing without the evidence of your 



" But yot 



surely not much 
le man of calico- 
ask to be heard." 
ays the author of 
farlhmg 
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all unile, I see, in taking that evidence from me ; and so I 
confidently raise my appea! in this mailer to people whd 
know nothing about either you or your sciences. It must be 
before another tribunal that the new philosophy is to be trulv 
and righleoualy judged." Alas! what can this mean? or 
where are we to seek for thai tribunal of last resort !o which 
this ingenious man refers with such confidence the consider- 
ation of his case ? Can it mean, that he appeals from the 
only class of persons qualified to judge of his facts, to a class 
ignorant of these, but disposed by habits of previous scepti- 
cism to acquiesce in his conclusions, and lake his premises for 
granted; — that he appeals from astronomers and geologists 
to low-minded materialists and shallow phrenologers, — from 
phylologists and zoologists to mesmerists and phreDO-mesmeT' 



1 remember being much struck, seTeral years ago, l^ a re- 
mark dropped in conversation hy the late Rev. Mr. Stewart 
of Cromarty, one of the moat original- minded men I ever 
knew. " In reading in my Greek New Testament this morn- 
ing," he said, "I was curiously impressed by a thought 
which, simple as it may seem, never occurred to me before. 
The portion which I perused was in the First Epistle of Peter; 
and as I passed from the thinking of the passage to the lan- 
guage in which n is expressed, — 'This Greek of the un 
taught Galilean fisherman,' — I said, ' so admired by scfaolara 
and critics for its unaffected dignity and force, was not ac- 
quired, as that of Paul may have been, in the ordinary way, 
but formed a portion of the Pentecostal gift ! Here, then, 
immediately under my eye, on these pages, are there em- 
bodied, not, as in many other parts of llie Scriptures, the 
mere details of a mimcle, hut the direct results of a miracle. 
How strange ! Had the old tables of stone been placed be- 
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fore me, with what on awe-struck feeling would I have looked 
on ihe characlera traced upon them by God's own finger I 
How is it that I have failed to remember that, in the language 
of these Epistles, miraculously impressed by the Divine 
power upon the mind, I possessed aa significant and suggest- 
ive a relic as that which the inscription miraculously impressed 
by the Divine power upon the stone could possibly have fur- 
nished f " It was a striking thought ; and in the course of 
our walk, which led us over richly fossiliferous heda of the 
Old Red Sandstone, to a deposit of the Eaihie Lias, largely 
charged with the characteristic remains of that formation, I 
ventured to connect it with another. " In either case," I re- 
marked, as we seated ourselves beside a sea-clJfT, sculptured 
over with the impressions of extinct plants and shells, " your 
relics, whether of the Pentecostal Greek or of the characters 
inscribed on the old tables of stone, could address themselves 
to but previously existing belief. The sceptic would see in 
the Sinailic characters, were they placed before him, merely 
the work of an ordinary tool ; and in the Greek of Peter and 
John, a well-known language, tM'nuired, he would hold, in 
(he common way. But what saj you to the relics that stand 
out in such bold relief from the rocks beside us, in their char- 
acter as the results of miracln ? The perished tribes and 
races which they represent all began to exist. There is no 
truth which science can more conclusively demonstrate than 
that they had al! a beginning. The infidel who, in this late 
age of the world, would attempt falling back on the fiction of 
an ' infinite series,' would be laughed to scorn. They all be- 
gan to be. But how ? No true geologist holds by the devel- 
opment bypolhesia ; — it has been 
Bmatlerers; — and there is but one i 
be^n to be, through the miracle of 



:ed to sciolists and 
alternative. They 
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dence furnished by these rocks we are shut dowa either to 
the belief ia miracle^ or to the belief :n something else in- 
finitely harder of reception, and as thoroughly unsupported 
by testimony as it is contrary to experience. Hume is at 
length answered by the severe truths of the stony science. 
He was not, according to Job, ' in league with the stones of 
the field,' and they have risen in irresistible warfare against 
him in the Creator's behalf.'' 
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COKCLTISION. 



'd 



" Natttkal History has a principle on wliich to reason," 
says Cuvier, " which is peculiar to it, and which it employs 
advantageously on many occasions: it is that of the con- 
ditions of existence, commonly termed jfnn? causes." 

In Geology, which is Natural History extended over all 
ages, ihis principle has a still wider scope, — embracing not 
merely Ihe characteristics and conditions of the beings which 
now exist, but of all, so far as we can learn regarding them, 
which have ever existed, and involving the consideration 
of not merely their peculiarities as races placed before us 
without relation to time, but also of the history of their rise, 
increase, decline, and extinction. In studying the biography, 
if I may so express myself, of an individual animal, we have 
to acquaint ourselves with the circumstances in which nature 
has placed it, — its adaptation to these, both in structure and 
instinct, — the points of resemblance which it presents to the 
individuals of other races and families, and the laws which 
determine its terms of development, vigoro' s existence, and 
decay. And all Natural History, when restricted to the pass- 
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!ng now of the world's annals, is simply a coDgeries orbiog' 
raphies. It is when we extend our view into the geological 
6eld thai il passes from biography into kUtiiry proper, and 
that we have to rise from [be consideration of the birth and 
death of individuals, which, in all mere biographies, form the 
great terminal events that constilule beginning and end, to a 
survey of the birth and death of races, and the elevation or 
degradation of dynasties and sub- kingdoms. 

We learn from human history that nations are as certainly 
mortal as men. They enjoy a grctiily longer term of exist- 
ence, but they die at last ; Rollings History of Ancient Na- 
tions is a history of the dead. And we are taught by geologi- 
cal history, in hke manner h fp ej a as mortal as indi- 
viduals and natiooR, and th g d families become 
extinct. There is no man p h he present moment 
whose age greatly exceeds an h d dj rs; — there is do 
nation now upon earth {if w p h p ept the long-lived 
Chinese) that also flourish d h h nd yeara ago; — 
there is no species now living p rth h I dales beyond the 
times of the Tertiary depo VII be he stamp of death, 
— individuals, — nations, — species ; and we may scarce less 
safely predicate, looking upon ihe past, that il is appointed for 
DBtioDS and species to die, than that it " is appointed for mart 
once to die." Even our own species, as now conslituledf — 
with instincts thai conform to the original injunction, "increase 
and multiply," and thai, in consequence, " marry and are given 
in marriage," — shall one day cease to exist : a fact not less 
in accordance with beliefs inseparable from the faith of the 
Christian, than with the widely-founded experience of the 
geologist. Now, it ia scarce possible for the human mind to 
become acqun'nled with the fact, that at certain periods species 
began to exist and then, after the lapse of untold ages, ceased 
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(, wiihout inquiring wheiher, from the " conditions of ex- 
jnly termed final causes," we cannot deduce 
ir their rise or decline, or why iheir term of being 
should have been included rather in one certain period of time 
than another. The same faculty which finds employment in 
tracing to their causes the rise and fall of nations, and which 

it of the philosophic historian judiciously to exer- 
cise, will to a certainty seek employment in this departraenl 
of history aTso ; and that there will be an appetency for such 
speculations in the public mind, we may infer from the suc- 
s a literary undertaking, of the " Vestiges of Creation," 
— a work that bears the same sort of relation, in this special 
field to sober inquiry, founded on the true conditions of things, 
that the legends of the old chroniclers bore lo authentic his- 
tory. The progressive state of geologic science has hitherlo 
militated against the formalioti of theory of the soberer char- 
acter. Its facts — still merely in the forming — are neces- 
sarily imperfect in their classification, and limited in their 
amount; and thus the essential data continues incomplete. 
Besides, the men best acquainted with the basis of fact which 
already exists, have quite enough to engage them in adding 
But there are limits to the field of palxontologlcal dis- 
covery, in its relation lo what may be termed the chronology 
of organized existence, which, judging from the progress of 

n the past, may be well nigh reached in favored 
localities, such as the British islands, in about a quarter of a 
century from the present time ; and then, I doubt uot, geologi- 
cal history, in legitimate conformity with the laws of mind, 
and from the existence of the pregnant principle peculiar, ac- 
cording to Cuvier, to that science of which Geology is 
■imply an extension, will assume a very extraordinary form. 
We cannot yet aspire "to the height of ibis great argument : " 
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our foundalions are in parts stilt unconsolidated and incom- 
plete, and unfilled to sustain the perfect superstructure which 
■hall one day assuredly rise upon tbem ; but from the little 
which we can now see, " as if in a glass darkly," enough ap- 
pears from which to 

■* AflSGrt eternal Providence, 
And justify the wajs of God to men." 

The history of the four great monarchies of the world was 
typified, in the prophetic dream of the ancient Babylonish 
king, by a colossal image, " terrible in ils form and bright- 
ness," of which the " head was pure gold," the " breast and 
arms of silver," the " belly and thighs of brass," and the legs 
and feet " of iron, and of iron mingled with clay." The 
vision in which it formed ihe central object was appropriately 
that of a puissant monarch ; and the image itself typified the 
merely human monarchies of ihe earth. It would require a. 
widely diflerenl figure to symbolize the great monarchies 
of creation. And yet Revelation does furnish such a figure. 
It is that which waa witnessed by the captive prophet beside 
" the river Chebar," when " the heavens were opened, and 
he saw visions of God," In that chariot of Deity, glowing 
in lire and amber, with its complex wheels " so high that 
they were dreadful," set round about with eyes, there were 
living creatures, of whose four faces three were brute and 
one human ; and high over all sat the Son of Man. It would 
almost seem as if, in this sublime vision, — in which, with 
features distinct enough to impress the imagination, there 
mingle the elements of an awful incomprehensibility, and 
which even the genius of Rsfiaelle has failed adequately to 
portray, — Ihe history of ail the past and of alt the future had 
been symbolized. In the order of Providence intimated in the 
geologic record, the brule faces, as in the vision, outnumber 
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ihe human ; — the human dynasly is one, and the dynasties 
of fie inferior animals are ihree ; and yet who can doubt that 
ihey all equally compose parts of a well-ordered and perfect 
whole, as the four faces formed but one cherubim ; that they 
have been moving onward to a definite goal, in the unity of 
one grand harmonious design, — now " lifted up high " over 
the comprehension of earth, — now let down to its humhio 
level ; and that the Creator of all has been ever seated over 
them on the throne of his providence, — a " likeness in the 
appearance of a man," — embodying the perfection of his 
nature in bis workings, and determining the end from the be- 
ginning ? 

There is geologic evidence, aa has been shown, that in the 
course of creation (he higher orders succeeded the lower. 
We have no good reason to believe thai the mollusc and crus- 
tacean preceded the fish, seeing that discovery, in its slow 
course, has already traced the venebrata in the ichlbyic form^ 
down lo deposits which only a few years ago were regarded 
as representatives of the first beginnings of organized e 



r planet, and that it 
add a lower system to i 
But the fish seems most c 
tile and the bird ; the reptile e 
the mammiferous quadru 
ped to have preceded 
whom God created in hi: 



in which their remains occur, 
inly lo have preceded the rep- 
ind the bird lo have preceded 
; and the mammiferous quadru- 
(1, — rational, accountable man, 
n image, — the much-loved Ben- 
jamin of the family, — last-born of all creatures. It is of itself 
an eslraordinary fact, without reference to other considera 
tions, that the order adopted by Cuvier, in his animal kingdom, 
as that in which the four great classes of vertebrate animals, 
when marshalled according to their rank and standing, nalu- 
•ally range should be also that in which Ihey occur in order of 
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time. The brain which bears an average proporlioD to the 
Hpinal cord of not more I ha d two to one, came firet, — it is the 

in of the fish ; ihat which bears to the spinal cord an av- 

ge proportion of two and a half to one succeeded il, — it 
is ihe brain of the reptile ; then came the brain averaging as 

)e lo one, — it is tliat of the bird ; next in succession came 
the brain that averages as four to one, — it is that of the mam- 

I ; and last of all there appeared a brain that averages as 
twenty-three to one, — reasoning, calculating man had come 
upon the scene. All the facts of geological science are hos- 
tile lo die Lamarcxian conclusion, that the lower brains were 
developed into the higher. As if with the express intention 
of preventing so gross a mis-reading of the record, we find, 
in at least two classes of animals, — fishes and reptiles, — the 
higher races placed at the beginning : the slope of the inclined 
place is laid, if one may eo speak, in the reverse way, and, 
instead of rising towards the level of the succeeding class, 
inclines downwards, with at least the effect, if not the design, 
of making the break where they meet exceedingly well 
marked and conspicuous. And yet the record does seem to 
speak of development and progression ; — not, however, in the 
province of organized existence, but in that of insensate 
matter, subject to the purely chemical laws. It is in the style 
and character of the dicelling-place that gradual improvement 
seems to have taken place ; — not in the functions or the rank 
of any class of its inhabitants ; and it is with special reference 
to this gradual improvement in our common mansion-house 
the earth, in its bearing on the " conditions of existence," 
that not a few of our reasonings regarding the introduction 
lud extinction of species and genera must proceed. 
That definite period at which man was introduced upon 
L the scene seems to have been specially determined by the 
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^r conditions of correspondence which the phenomena of his 

H habilalion had at length come to assume with the prodes- 

tined constilulion of his mind. The large reasoning braiii 

woidd have been wholly out of place in the earlier ages. It 

is indubitably ihe nature of man to base the conclusions 

I which regulate all his actions on fixed phenomena ; — he rea- 
sons from cause to effect, or from effect to cause ; and when 
placed in circumstances in which, from some lack of the 
necessary basis, he cannot so reason, he becomes a wretched, 
limid, superstitious creature, greatly more helpless and ab- 
ject than even the inferior animals This unhappy slate is 
strikingly exemplified by that deep and peculiar impression 
made on the mind by a severe earthquake, which Hum- 
boldt, from his own experience, so powerfully describes. 
" This impression,'" he says, " is not, in my opinion, the 
suit of a reooUeclioD of those fearful pictures of devflsla- 
tion presented to our imagination by tlie historical narra- 
tives of the past, but is rather due to the sudden revelation 
of the delusive nature of the inherent faith by which we had 
clung to a belief in the immobility of the solid parts of the 
earth. We are accustomed from early childhood to draw a 
contrast between ihe mobility of water and the immobility 
of the soil on which we tread ; and this feeling is confirmed 
by the evidence of our senses. When, therefore, we sud- 
denly feel the ground move beneath us, a mysterious force, 
with which we were previously unacquainted^ is revealed 
to us as an active disturber of stability. A moment de- 
fltroys the illusion of a whole life ; our deceptive faith in the 
repose of nature vanishes ; and we feel transported into a 
realm of unkrown destructive forces. Every sound — the 
faintest motioc jf the air — arrests our attention, and we no 
longer trust the ground on which we stand. There ia an 
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idea conveyed lo the mind, of some UDiveraal und unlimited 
danger. We may flee from the crater of a volcano in active 
eruption, or from the dwelling whose destruction is threat- 
ened by the approach of the lava stream ; but in an earth- 
quake, direct our flight whithersoever we will, we still feel 
a» if we trod upon the very focus of destruction." Not less 
striking is the testimony of Dr. Tschudi, in his " Travels in 
Peru," regarding this singular effect of earthquakes on the 
human mind. "No familiarity with the phenomenon can," 
he remarks, " blunt the feeling. The inhabiiunt of Lima, who 
from childhood has frequently witnessed these convulsions 
of nature, is roused from his sleep by the shock, and rushes 
from his apartment with the cry of ' jtfi'sericordifl / ' The 
foreigner from the north of Europe, who knows nothing of 
earthquakes but by description, waits with impatience to feel 
th^movenients of the earth, and longs to hear with bis avra 
ear the subterranean sounds, which he has hitherto con- 
sidered fabulous. With levity he treats the apprehen- 
sion of a coming convulsion, and laughs at the fears of the 
natives; but as soon as his wish is gratilied, he is terror- 
stricken, and is involuntarily prompted to seek safety in 
flight" 

Now, a partially consolidated planet, tempested by fre- 
quent earthquakes of such terrible potency, that those of the 
historic ages would be but mere ripples of the earth's sur- 
face in comparison, could be no proper home for a creature 
so constituted. The fish or reptile, — animals of a limited 
range of instinct, exceedingly tenacious of life in most of their 
varieties, oviparous, prolific, and whoso young immediately 
on their jscape from the egg can provide for themselves, 
might enjoy existence in such circumstances, to the full ex- 
'cnt of their narrov eapacitiesi ; and when sudden death fell 
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'upon them, — though their remains, scattered over wide areas, 
continue to exhibit that distortion of posture incident to vio- 
lent dissolution, which seems to speak of terror and sufiering, 
— we may safely conclude there was hut little real suffering 
in the case : they were happy up to a cenaiu point, and un- 
conscious forever after. Fishes and reptiles were the proper 
inbabitaats of our planet during the ages of tlie eanh-lem 
pesis; and when, under the operation of the chemical iiws, 
theae had become less frequent and terrible, the higher 
mammala were introduced. That prolonged ages of these 
ItempestB did exist, and that they gradually settled down, an- 
til the state of things became at length comparatively Gxed 
and alable, few geologists will be disposed to deny. The evi- 
dence which supports this special theory of the development 
of our planet in its capabilities as a scene of organized and 
.Bentient being, seems palpable at every step. Look first a 
these Gniiiwaclie rocks ; and, after marking how in one place 
the strata have been upturned on iheir edges for miles together, 
BDd bow in another the Plutonic rock has risen molten 
from below, pass on to the Old Red Sandstone, and examine ha 
aignificant platforms of violent death, — its faults, displace- 
ments, and dislocations ; see, neuet, in the Coal Measures, those 
evidences of sinking and ever-sinking strata, for thousands of 
feet together; mark in the OoUte those vast overlying masses 
of trap, stretching athwart the landscape, fur as the eye can 
reach; observe carefully how the signs of convulsion and 
calaairophe gradually lessen as we descend to the times of 
the Tertiary, though even in these ages of the mammiferoiM 
quadruped the earth must have had its oft-recurring ogue 
fits of frightful intensity ; and then, on closing the survey, 
consider how exceedingly partial and unfrei^ucnt these earth- 
tempests have become in the recent periods- 
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every where marks of at once progression and identity, — of 
progress made, and yet identity maintained ; but it is in 
the habitation that we find them, — not in the inhabitants. 
There is a tract of country in Hindustan that contains 
nearly as many square miles as all Great Britain, cov- 
ered to the depth of hundreds of feet by one vast overflow 
of trap ; a track similarly overflown, which exceeds in area 
all England, occurs in Southern Africa. The earth's sur- 
face is roughened with such, — mottled as thickly by the 
Plutonic mosses as the skin of the leopard by its spots. The 
trap district which surrounds our Scottish metropolis, and 
imparts so imposing a character to its scenery, is too inconsid- 
erable to be marked on geological maps of the world, that we 
yet see streaked and speckled with similar memorials, though 
on an immensely vaster scale, of the eruption and overflow 
which look place in the earthquake ages. What could man 
have done on the globe at a time when such outbursts were 
comparatively common occurrences ! What could he have 
done where Edinburgh now stands dutingthat overflow of tr^ 
porphyry of which the Pcntland range forms but a fragment, 
or that outburst of greenstone of which but a portion remains 
in the dark ponderous coping «if Salisbury CmLgs,or when the 
thick floor of rock on which the city stands was broken up, 
like the ice of an arctic sea during a tempest in spring, and laid 
on edge from where it leans against the Castle Hill to beyond 
the quarries at Joppa? The reasoning brain would have been 
wholly af fault in a scene of things in which it could neither 
foresee the exterminating calamity while yet distant, nor con- 
trol it when it had come ; and so the reasoning brain was not 
produced until the scene had undergone a slow but thorough 
process of change, during which, at each progressive stnge, it 
had furnished a platform for higher and still higher life. 




Wfien the coniferiie could flourish on the !an:i, and fishes 
subsisi Id the seas, fishes und cone-heuriag plants were cre- 
ated ; when the earili became a fit hnbiiai for reptiles and 
birds, replilea and birds were produced ; willi the dawn of a 
more stuble and malure slate of things the sagacious quad- 
ruped was ushered in; and, last of all, when inaii''s house 
was fully prepared for him, — when the data on which it is 
bis nature to reason and calculate had become fixed and 
certain, — the reasoning, calculating brain was moulded by 
the creative finger, and man became a living soul. Such 
seems to be the true reading of (he wondrous inscription 
chiselled deep in the rocks. It furnishes us with no clue 
by which to uumvel the unapproachable mysieries of cre- 
ation ; — these mysteries belong to the wondrous CreatoFi 
and to Him only. We attempt to theorize upon them, and 
lo reduce ihem to law, and all nature rises up against ua 
ID our presumptuous rebellion. A stray splinter of cone- 
bearing wood, — a fish's skull or tooth, — the vertebra of a 
reptile, — the humerus of a bird, — the jaw of a quadruped, 
— all, any of these things, weak and insignificant as they 
may seem, become in such a quarrel too strong for us and our 
theory : the puny fragment, in the grasp of truth, forms as 
irresistible a weapon as the dry bone did in that of Samson 
of old ; and our slauglitered sophisms lie piled up, " heaps 
upon heaps," before it. 

There is no geological fact nor revealed doctrine with 
which this special scheme of development does not agree. To 
every truth, loo, really such, from which the antagonist 
scheme derives its shadowy analogies, it leaves its full value. 
It has no quarrel with the facts of even the " Vestiges," in 
their character aa realities. There is certainly something very 
estroordinary in that fcetal progress of the human brain op 
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which the osserlors of ihe development hypothesis havt foundf d 
s(i much. Nature, in constructing this curious organ, first laya 
down a grooved cord, as the carpenter lays down the keel of 
his vessel ; and on this narrow base the perfect braia, as 
month afler month passes by, ia gradually built up, like the 
vessel from the keel. First it grows up into a brain closely 
resembling ilmt of a fisb ; a few additions more convert it 
into a brain undistinguishable from tbul of a reptiie ; a few 
additions more impart to it the perfect appearance of Ihe 
brain of a bird ■ it then developes into a brain exceedingly 
like thdt of a mammircroua quadruped; and, finally, espand> 
ing atop, and spreading out its deeply corrugated lobes, ^11 
they project widely over the base, it assumes its unique cliat^ 
Bcter as a human brain. Radically such from the first, it 
passes towards its full development, through all the infeHof 
forms, from that of the fish upwards, — thus comprising, dur- 
ing its f<Eial progress, an epitome of geologic history, as if 
each man were in himself, not the microcosm of the old fan- 
ciful philosopher, but something greatly more wonderful, — 
a compendium of all animated nature, and of kin to every 
creature that lives. Hence the remark, that man is the 
sum total of all animals, — " the animu! equivalent," says 
Oken, " to the whole animal kingdom." We are perhaps loo 
much in the habit of setting aside real facts, when they have 
oeen first seized upon by the infidel, and appropriated to the 
purposes of unbelief, as if they had sufiered CDntamination in 

s hands. We forget, like the brother " weak in the faith," 
instanced by the Apostle, that ihey are in themselves " crea- 
tures of God ; " and too readily reject the lesson which they 

jch, simply because ihey have been offered in sacrifice to 

idol. And this strange fact of the progress of the human 

brain is assuredly a fact none ihe less worth looking nt from the 
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circumslance tlial infidelity has looked ot it first. On no princi 
■pie recognizable in right reason can it be urged in support of 
the development hypolheais; — it is a fad of fcBtal develop- 
foeot, and of that only. But it would be well should it lead 
our metaphysicians to inquire whether ihey have not been 
rendering their science too insulated and exclusive ; and 
■ whether the mind that works by a brain thus " fearfully and 
WondurAilly made," ought not to be viewed rather in connec- 
tion with all animated nature, especially as we find nature 
exemplified in the various vertebral forms, than as a thing 
-f\iDd a mentally abstract and distioct The brain built up ol 
all the types of brain, may be the organ of a mind com- 
pounded, if I may so express myself, of all the varieties of 
mind. It would be perhaps over fanciful to urge that it is the 
creature who has made himself free of all the elements, 
whose brain has been ilius In succession that of all tlioir proper 
denizens; and that there is no animal instinct, the function of 
which cannot be illustrated by some art mastered by man : but 
ihere can be nothing over fanciful in the suggestion, founded 
on this fact of fcElal development, that possibly some of the 
more obscure signs impressed upon the human character may 
be best read through the spectacles of phj'sical science. The 
fluccesaive phases of the fiEtal brain give at least fair warning 
that, in tracing to its first principles the moral and intellectual 
nature of man, what is properly his " natural history " 
should not be overlooked. Oken, after describing the human 
creature in one passage as " equivalent to the whole animal 
kingdom," designates him in another as " God wholly mani- 
fested," and as " God become man ; " — a style of expression 
at which the English reader may start, as that of the " big 
mouth speaking blasphemy," but which has become exceed- 
ingly common among the rationalists of the Continent. The 
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H irreierent naturalist ought surely lo have remembered, that 
H the sum total of all the ammals cannot be different in its 
^m nature from the various sums of which it is aii aggregate, 
H — seeing tliat no summtition ever differs in quality from 
^1 the items sura>med up, which compose it, — and thai, tbough 
^M it may amount in this cose to man the animal, — to man, as 
H he may be weighed, and measured, and subjected to the 
H dissecting knife, — it cannot possibly amount toGiod. Is God 
H merely a sum total of birds and beasts, reptiles and fishes ; — 
H a mere Egyptian deity, composed of fantastic hieroglyphics 
H derived from the forms of the brute creation ? The impieties 
H of the transcendentalist may, however, serve to illustrate that 
H mode of seizing on terms which, as the most sacred in ihe 
H message of revelation, have been long coupled in the popular 
H mind with saving (ruths, ond forcibly compelling them to bear 
H Borne visionary and illusive moaning, wholly foreign to thai 

H with which they ^ere originally invested, which has become 
H so remarkable a part of tho policy of modem infidelity, Ra- 
H tionalism has learned to sacrifice to Deity with a certain 

H measure of conformity to the required pattern ; but it is a 

H conformity in appearance only, not in reality: the sacti- 

H fice always resembles that of Prometheus of old, who pre- 

* senled to Jupiter what, though it seemed to be an ox with- 

out blemish, was merely an ox-skin stuffed full of bones and 
garbage. 

I There is another very remarkablectnss of facts in geological 
history, which appear lo foil as legitimately whhin the scope of 
arg 
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Rirmed. And the bulk to whicti, in the more extreme cases, 
^ey attained, appears to have been regulated, as in the high- 

ammala now, wilh reference to the force of gravity at 
tfie earth's surface. The Megatherium and the Mastodon, tho 
^inotherium and the extinct elephant, increased in buik, io 
obedience to the laws of the specilic constJiulion imparted to 

I at their creation ; and these laws bore reference, in turn, 

lother law, — that law of gravity which determines that no 
creature which moves in air and treads tho surface of the 
*irth should exceed a certain weight or size. To very neai 
the limits assigned by this law some of the ancient quadru- 
feds arose. It is even doubtful whether the Dinotherium, the 
it gigantic of mammals, may not have been, like the e\isl- 

sea-lions and morses, mainly an aquatic quadruped ; — 
Sn inference grounded on the circumstance that, in at least 
iporlions of its framework, it seems to have risen beyond these 
limits. Now, it does not seem wonderful that, wilh apparent 
i«ference to tho point at which the gravity of bodies at the 
iBorth'a surface bisects the conditions of texture and mat- 
■ler necessary to existence among the sub-aerial verlebrata, the 
■npliles of the Secondary periods should have grown up in 
•flome of their species and genera to the extreme size. A 
-world of frogs, newts, and lizards would have borne stamped 
iipoa it the impress of a tame and miserable mediocrity, that 
would have harmonized ill with the extent of the earth's 
-capabilities for supporting life on a large scale. There 
■would be no principle of adaptation or rule of proportion 
maintained between an animal kingdom composed of so 

jmpiible a group of beings, and cither the dynamic laws 
Hinder which matter exists on our planet, ortlie luxuriant vege- 
l.lation which it bore during the Secondary ages. And such 
not tile character of tha group ■wViwV. !iQ«\^ifta^ '^Qft. 
27" 
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repiile dynasty. The Iguanodoa must have been quite 
ns tall as the elephanl, — greatly longer, and, it would 
seem, at least as bulky, The Megalosaurus must have m 
least equalled ihe rhinoceros ; the Hylieosaurus would have 
outweighed the hippopotamus. And when reptiles that rivalled 
in size our hugest mammals Inhabited the land, other reptiles. 
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Cetiosaurs, — s< 



I les 



bulky than the cetacea themselves, possessed the sea. Not 
only was the platform of being occupied in all ila breadth, but 
also in all its height ; and it is according to our simpler and 
more obvious ideas of adaptation — simple and obvious be- 
of life 



appeoT 
n, of a 



cause gleaned from the very surface of ihf 
— that such should have been the case. But it do 
strange, because under the regulation, it would s 
principle of adaptation more occult, and, if I may so speak, 
more Procidential,thal no sooner are the huge mammals in- 
troduced as a group, than, with but a few exceptions, the rep- 
tiles appear in greatly diminished proportions. They no long- 
er occupy the platform to its full extent of height. Even in 
tropical countriesiin which certain families of mammals still 
attain to the maximum size, the reptiles, if we escept the croco- 
dilean family, a few harmless turtles, and the degraded boaa 
and pythons, are a small and comparatively unimportant race. 
Nay, the existing giants of the class — the crocodiles and 
boas — hardly equal in bulk tlie third-rate reptiles of the ages 
of the Oolite and the Wealden. So far as can be seen, there 
is no reason deduceable from the nature of things, why ibe 
country that sustains a mammal bulky as the elephant, 
should not also support a reptile huge as the Iguanodon ; or 
why the Megalosaurus, HylEBOsaurus, and Dicynodon, might 
^ot have been contemporary with the lion, tiger, and rhinoce- 
Tbe change wVA2\» \ooV. 'pVoce m \\vft Tactile group im- 
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tnedialely on their dethronement at the close of tite Second- 
freif period, seems scarce less straage than that suag by Mil- 

"Bebald B wonderl They but now who aeeined 
In bigness to aurpsSB esrtti'a giant aona, 
Now ]eaa tlian amaHeat dwai&> in narrow room 
Thi^nged numbeilesa ; like that pygmean race 
Beyind the Indian raaunt ; or fairy cIveB, 
Wboae midnight reTCls, by a forest aide 
Or fountain, some belated peasant sees, 
Or dreams he sees, while, overhead, the moon 
Sits arbitresB, and nearer to the earth 
■Wheels her pale course." 

But though we cannot assign a cause for this generat i«> 
ikiction of the reptile class, save simply the will of the all- 
Creator, the reason why it should have taken placo 
I easily assignable. It was a bold saying of the old 
philosophic heathen, that " God is the soul of brutes ;" hut 
insiiocl in even our own limes have said less 
warrantable things. God does seem to do for many of the 
iferior animals of the lower divisions, which, though devoid 
of brain and vertebral column, are yet skilful chemists and 
accomplished architects and mathematicians, what he en- 
ugh the exercise of the reasoning faculty, lo 
do for himself; and the ancient philosopher meant no more. 
And in clearing away the giants of the reptile dynasty, when 
their kingdom had passed away, and then re-introducing the 
class as much shrunken in their proportions as restricted in 
Iheir domains, the Creator seems to have been doing for the 
mammals what man, in ihe character of a "mighty hunter 
before the Lord," does for himself. There is in nature very 
liltlc of what can be called war. The cities of this country 
cannot be said to be in a state of wat, vWn^ &w,^ t-sW^ss- 



BEAHING OF riNAL CATTSES 



mnrkeU are thronged every week with animals for slaughtei 
ond the butcher and fishmonger find their places of business 
thronged with customers. And such, in the main, is the con- 
dition of the animal world ; — it consists of ils two classes, — 
animals of prey, and the animals upon which they prey: iia 
wars are simply those of the butcher and fisher, lightened by 
a dash of the enjoyments of the sportsman. 

" The creaturea see of flood aiid field. 
And those that traTGl on tho wind, 
■Witli Ihcm no strife can lost ; ttaj liyo 
In pcaoo and pcaco of mind/' 
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the leopard con- 
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nals. There are 
the banks of the 



Generally speaking, tl 
another : lion docs not 
tend with the hyena, 
no such respect for ihe c 
fierce contests in their native jungle 
Ganges, between the gavial and the tiger ; and in the steam 
ing forests of South America, the boa -constrictor casts his 
terrible CoiE scarce less readily round the puma than the an- 
telope. A world which, af\er it had become a home of the 
higher herbivorous and more powerful carnivorous mammals, 
continued to retain the gigantic reptiles of its earlier ages, 
would be a world of horrid, exterminating war, and alto- 
gether rather a place of torment than a scene of interme- 
diate characfer, in which, though it sometimes reechoes tho 
groans of auffbring nature, life is, in the main, enjoyment. 
And so, — save in a few exceptional cases, thai, while they 
establish the rule as a fact, serve also as a key to unlock 
thai principle of the Divine government on which it ap- 
pears to rest, — no sooner was the reptile removed from his 
, place in the fore-front of creation, and creatures of a higher 
Jorder inlrodiiced into \\\e coTisoViAslwi^ and fast-ripen'og 
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planet or which he had beeo so long the monarch, ihun his 
bulk shrank and his strength lessened, and he assumed a hu' 
mility of form and aspect at once in keeping with his reduced 
circumstances, and compatible with the general welfare. But 
though the reason of the reduction appears obvious, I know 
not that it can be referred to any other caiue than simply the 
will of the Alt-Wise Creator. 

There hangs a mystery greatly more profound over ihe 
fact of the degradation than over that of the reduction and 
diminution of classes. We can assign what at leasi seems 
to be a sufficient reason why, when reptiles formed as a class 
the highest representatives of the veritbrala, they should be 
of imposing bulk and strength, and altogether worthy of that 
post of precedence which they then occupied among the ani- 
mals. We can also assign a reason for the strange reduction 
which took place among them in strength and bulk imme-- 
diately on their removal from the first to the second place. 
But why not only reduction., but also degradation? Why, as 
division started up in advance of division, — first the reptiles 
in front of the fishes, then the quadrupedal mammals in front 
of the reptiles, and, Inst of all, man in front of the quadru- 
pedal mammals, — should the supplanted classes, — two of 
them al least, — fishes and reptiles, — for there seem to have 
been noadditions made to the mammals since man entered upon 
the scene, — why should they have become the receptacles of 
orders and families of a degraded character, which had no place 
among them in their monarchical slate? The fishes removed 
beyond all analogy with the higher vertebrala, by their homo- 
cereal tails, — the fishes [Acanthopterygii and Sab-brachiati) 
with their four limbs slung in a belt round their necks, — the 
flat fishes, (Plearonectidce,) that, in addition to this deformity, 
are so twisted to a side, that whi.e the one e'^e(y^iivnj«3.i'i\'^^'a 
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orbit in the middle of the skuU^ the olber is thrust out to lU 
edge, — ihe irregular fishes generally (sun-fishea, frog-fishes, 
nippocacnpi, &c.) were not introduced into tlie ichthyic di- 
vision tintl after the ful! development of the reptile d^naaly ; 
nor did the hand thai makes no slips in its working " form 
Ihe crooked serpent," footless, grovelling, venom-bearing, — 
the authorized type of a fallen and degraded creature, — 
until after the introduction of the mammals. What can 
this fact of degradation mean ? Species and genera seem to 
be greatly more numerous in the present age of the world 
than in any of the geologic ages. Is it not possible that the 
eKtension of the chain of being which has thus taken place — 
not only, as we find, through the addition of the higher divis- 
ions of animals to its upper end, but also through the interpo- 
lations of foioer /infrs info the previously existing divisions — 
may have borne reference to some predetermined scheme of 
well-proportioned gradation, or, according to the poet, 
" Of general Obdbb sinoe the whole begsn r " 

May not, in ehorl, what we term degradation be merely one 
of the modes resorted to for filling up the voids in creation, 
and thereby perfecting a scale which must have been origi- 
nally not merely a scale of narrow compass, but also of innu- 
merable breaks and blanks, hiatuses and chasms f Such, 
certainly, would be the reading of the enigma which a Soame 
Jenynsora Bolingbroke would suggest; but the geologist has 
learned from his science, that the completion of a chain of at 
least contemporary being, perfect in its gradations, cannot 
possibly have formed the design of Providence. Almost ever 
vitality to matter, the links in this chain of 
irature, as if composed of a material too brittle to 
eight when stretched across the geologic 




e,^•JS^ t.^ve uoeo Jiopping one after one from his hand, and 
Binkiii^, frBctureil and broken, into the rocks below. 1. .s 
urged by Pope, thai were " we to press on superior powers,'* 
and rise from our own assigned place to the place immediately 
abovu II, we would, in consequence of the transposition, 

" In the full ereation lenve n void. 
Where, one step brnkcn, the grent scale 'a dGatrofed. 
From nature's chain whataror link we strike, 
Tenth or ten thauaandth, brcaka tlio chain alike.'' 

The puet could scarce have anticipated that there was a sci- 
ence then sleeping in its CTadle, and dreaming the dreams of 
Whislon, Leibnitz, and Burnet, which was one day to rise and 
demonstrate that both the tenth and llie len thousandth link 
in the chain htid been already broken and laid by, with all 
the thousands of linhs between ; and ihnt man might lauda- 
bly " press on superior powers," and attain to a " new na- 
ture," without in the leasi uffecting the symmetry of creation 
by the void which his elevalion would necessarily create; 
that, in fine, voids and blanks in the scale are exceedingly 
common things; and that, if men could, by rising into an- 
gels, make one blank more, ihcy might do so with pcrlect 
mpunity. Further, even were the graduated chain of Boling- 
broke a reality, and not what Johnson well designates it, on 
" absurd hypoihesis," and were what I have termed the inter- 
polation of links necessary to its completion, the mere filliag 
up of the original blanks and chasms would not necessarily 
B the fact of degradation, seeing that each blank could 
be filled up, if I may so express myself, from its lower end. 
Each could be as certainly occupied to the full by an eleva- 
tion of lower forpris, as by a humiliation of the higher. We 
might receive the hypothesis of Bolingbroke, and yet 
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find the myslerious fact of degradation remaip an uusoIveJ 
riddle in our hands. 

But though I can assign neither reason nor cause for the 
fact, I cannot avoid the conclusion, that it is associafed wiih 
certain other great facts in the moral government of the uni- 
verse, by those threads of analogical connection which run 
through the entire tissue of Creation and Providence, and 
impart to it thai character of unity which speaks of the single 
producing Mind. The first idea of every religion on earth 
which has arisca out of what may he termed the spiritual in- 
stincts of man's nature, is thai of a Future Stale ; the second 
idea is, that in this state men shall exist in two separate classes, 
— the one in advance of their present condition, the other far 
in the rear of it. Il is on these two great hellefs that con- 
science every where finds the fulcrum from which it acts upon 
the conduct ; and it is, we find, wholly inoperative as a force 
without them. And in that one religion among men that, 
instead of retiring, like the pale ghosts of the others, before 
the light of civihzation, brightens and expands in its beams, 
and in favor of whose claim as a revelation from God the 
highest philosophy has declared, we find these two masler 
ideas occupying a still more prominent place than in any of 
those merely indigenous religions that spring up in the human 
mind of themselves. The special leBSon which the Adorable 
Saviour, during his ministry on earth, ofienest enforced, and 
to which all the others bore reference, was the lesson of a 
linal separation of mankind into two great divisions, — a divis- 
ion of God-like men, of whose high standing and full-orbed 
happiness man, in the present scene of things, can form no 
adequate conception ; and a division of men finally lost, and 
^ doomed to unutterable misery and hopeless degradation, 
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There is not id bII Revelation a. siagle doctrine which we 
find oftener or more clearly enforced than ihat there shall 
continue to exist, throughout the endless cycles of the future, 
B. race of degraded men and of degraded angels. 

Now, it is truly wonderful how thoroughly, in ila general 
scope, the revealed pieces on to the geologic record. We 
know, as geologists, that the dynasty of the lish was suc- 
ceeded by that of the reptile, — that the dynasty of the rep- 
tile was succeeded by lhat of the mammiferous quadruped, — 
and that the dynasty of the mammiferous quadruped was suc- 
ceeded by that of man as man now exists, — a creature of 
mixed character, and subject, in all conditions, to wide alter- 
nations of enjoyment and suffering. We know, further, — 
HO far at least as we have yet succeeded in deciphering the 
record, — that the several dynasties were introduced, not in 
their lower, but in their higher forms; — that, in ehort, in the 
imposing programme of creation it was arranged, as a general 
rule, that in each of the great divisions of the procession the 
magnates should walk first. We recognize yet further the fact 
of degradation specially exemplified in the fish and the reptile. 
And then, passing on to the revealed record, we learn that the 
dynasty of man in the mixed stale and character is not the 
final one, but lhat there is to be yet another creation, or, more 
properly, re-creation, known theologically as the Resurrec- 
tion, which shall he connected in its physical components, by 
bonds of mysterious paiemily, whh the dynasty which now 
n^igns, and h« bound to it mentally by the chain of identity, 
conscious and actual; but which, in all that constitutes supe- 
riority, shall be as vastly its superior as the dynasty of 
responsible man is superior to even the lowest of the pre- 
liminary dynasties. Wc are further taught, that at the com- 
it of !his last of the dynasties, ihere will be a re- 
2« 
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crealton of nol only elevated, but also of degraded bcinge, — 
a re-crcBlion of the lost. We are taught yet fuilher, tiiat 
though the present dynasty be that of a lapsed race, which at 
Iheir first introduction were placed on higher ground than 
ihnt on which ihey now stand, and sank by their own act, it 
was yet part of the original design, from the beginning of nil 
things, that they should occupy the existing platform ; and 
that Redemption is thus no after-thought, rendered necessary 
by the fall, but, on the contrary, part of a general scheme, 
fur which provision had been made from the beginning ; so 
that the Divine Man, through whom the work of restoration 
has been effected, was in reality, in reference to the purposes 
of the Eternal, what he ia designated in the remarkable text, 
"i/ie Lajnb slain from the fovndaHona of the world." Slain 
from the foundations of the world I Could the assertors of the 
fflony science ask for language moiy; enpress ? By piecing 
the two records together, — that revealed in Scripture and 
that revealed in the rocks, — records which, however widely 
geologists may mistake the one, or commentators niisunde-- 
Btund the other, have emanated from the same great Authoi 
— we learn that in slow and solemn majesty has period sue 
ceeded period, each in succession ushering in a higher and ye: 
higher scene of existence, — thitt fish, reptiles, mammiferous 
quadrupeds, have reigned in turn, — that responsible man, 
"made in the image of God," and with dominion over all 
creatures, ultimately entered into a world ripened for his re- 
ception ; but, further, that this parsing scene, in which he forms 
1h3 prominent figure, is not the t5nu! one in the long series, but 
merely the last of the preliminary scenes ; and that that period 
to which the bygone ages, incalculable in amount, with all their 
well- proportioned gradations of being, form the imposing vesii- 
bule, shall have perfection foi te octiU9a.nt,afid eierniiy for ila 
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fduratioD. I know not how it may appear to ollicrs ; but for 
n part, I canQot avoid thinking that there would be a 
[ hck of proportion in the series of being, were ihe period of 
[ perfect and glorilied humanily abruptly connected, without 
B introduction of an intermediate creation oC responaihh im- 
[ perfection, with that of the dying irresponsible brute. That 
of things in which God became Man, and sulfered, 
as it no doubt is, a necessary link in the chain, 
I am aware that 1 stand on the confines of a mystery 
which man, since the first introduction of sin into the world 
w, has "vainly aspired to comprehend." But I have 
no new reading of the enigma to offer. I know not why it 
is that moral evil exists in the universe of the All- Wise and 
the All-powerful ; nor through what occult law of Deity il 
I that "perfection should come through suffering." The 
' question, like that satellite, ever atleodanl iipon our planet, 
I which presents both its sides to the sun, but invariably the 
side to the earth, hides one of its faces from man, and 
, tuma it to but the Eye from which all light emanates. And 
1 that God-ward phase of the question that the mys- 
tery dwells. We can map and measure every protuberance 
and hollow which roughens the nether disk of the moon, as, 
during the shades of night, it looks down upon our path io 
cheer and enlighten ; but what can we know of the other ? It 
would, however, seem, that even in this field of mystery the 
extent of the inexplicable and the unknown is capable of 
reduction, and that the human understanding is vested in an 
ebilily of progressing towards the central point of that dark 
field throughout all time, mayhap all eternity, as the asymp- 
tote progresses upon its curve. Even though the essence 
of the question should forever remain a mystery, it may 
yet, in its reduced and defined etale, serve ai a key for the 



laying of other mysleriea open. The philosophers are still 
as ignorant as ever respecting the intrinsic nature of gravi- 
tation ; but regarded simply as a force, how many enigmas 
haa it not served to unlock 1 And that moral gro.vilation 
towards evil, manifested by the only two classes of respon- 
sible beings of which there is aught known to man, and of 
which a degradation linked by mysterioua analogy with a 
class of facts singularly prominent in geologic history is the 
result, occupies apparently a similar place, as a force, in the 
moral dynamics of the universe, and seems suited to perform 
a similar pari. Inexplicable itself, it is yet a key to the so- 
lution of all the minor inexplicabilities in the scheme of 
Providence. 

In a matter of such extreme niceness and diiGculty, shall I 
dare venture on an illustrative example ? 

So far as bolh the geologic and the Scriptural evidence 
extends, no species or family of existences seems to have 
been introduced by creation into the present scene of being 
since the appearance of man. In Scripture the formation of 
the human race is described as the terminal act of a series, 
" good " in al! its previous stages, but which became " very 
good" then; and geoiogists, judging from the modicum of 
evidence which they have hitherto succeeded in collecting on 
the subject, — evidence still meagre, but, so far as it goes, in- 
dependent and distinct, — pronounce " post-Adamic crea- 
tions " at least " improbable." The naturalist finds certain 
animal and vegetable species restricted lo certain circles, 
and that in certain foci in these circles they attain to their 
fullest development and their maximum number. And these 
foci he regards as the original centres of creation, whence, 
n each instance in th^ process of increase and multiplica< 
lion, the plant or creature propagated itself outwards in cir- 
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cular wavelets of life, that sank at each stage as they wideneit, 
till at length, at the drcumferenoe of tlie area, they wholly 

[ow we find it argued by ProFi:ssQr Edward Forbes, , 
that " since man's appearance, certain geological areas, holh 
of land and water, have been formed, presenting such physi- 
cal conditions as to entitle us to expect within their bouniis 
one, or in some instances more than one, centre of creation, 
or point of maximum of a toological or hotanieal praciiii-e. 
But a critical examination renders evident," the Profe^^^or 
adds, " that instead of showing distinct foci of creation, they 
liave been in all instances peopled by colonization, t. e. by 
migration of species from pre-existing, and in every case prc- 
Adaioic, provinces. Among the terrestrial areas the British 
isles may serve us an example; among marine, the Baltic, 
Mediterranean, and Black Seas. The British islands have 
been colonized from various centres of creation in (now) 
continental Euro[^c ; the Baltic Sea from the Coilic region, 
ahhough it runs itself into the conditions of the Boreal one ; 
and the Mediterranean, as il now appears, from the fauna and 
flora of the more ancient Lusitanian province." Professor 
Forbes, it is stated further, ia the report of his paper to which 
I owe these details, — a paper read at the Royal Institution in 
March last, — "exhibited, in support of the same view, a 
map, showing the relation which the centres of creation of the 
air-breathing molluscs in Europe bear to the geological his- 
tory of the respective areas, and proving that the whole snail 
population of lis northern and central extent (the portion of 
the Continent of newest and probably post-Adamic origin) 
had been derived from foci of creation seated in pre-Adamic 
lands. And these remarkable facts have induced the Profes- 
Eor," it was added, " to maintain the improbability of post< 
Adiimic creations." 
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With ific iniroduclion of man ioto the scene of existence, 
creation, I repeat, seems to have ceased. What la it that 
DOW lakes its place, and performs its work ? During the 
previous dynasties, all elevation in the scale was an efiec 
simply of creation. Nature lay dead in a waste theatre of 
rock, vapor, and sea, in which the insensate laws, chemical, 
mechanical, and electric, carried on their blind, unintelli- 
gent processes : tile creaiit'e_^ol went forth ; and, amid watera 
that straightway teemed with life in its lower forms, vege- 
table and animal, the dynasty of the fish was introduced. 
Many ages passed, during which there look place no further 
elevaiion : on the contrary, in not a few of the newly intro- 
duced species of the reigning class there occurred for the first 
time examples of an asymmetrical misplacement of parts, 
and, in at least one family of fishes, instances of defect of 
ports ; there was the manifestation of a downward tendency 
towards the dogradalion of monstrosity, when the elevatory 
fiat again went forth, and, through an act of creation, the 
dynasty of the reptile began. Again many ages passed 
by, marked, apparently, by the introduction of « warm- 
blooded oviparous animal, the bird, and of a few marsupial 
quadrupeds, but in which the prevailing class reigned un- 
deposed, though at least unelevaled. Tel again, however, 
the elevatory fial went forth, and through an act of creation 
the dynasty of the mammiferous quadruped began. And after 
Ihe furtlier lapse of ages, the elevatory fiat went forth yet 
n act of creation. ; and with the human, heaven- 
aspiring dynasty, the moral governmenl of God, in its con- 
nection wilh at least Ihe world which we inhabit, " look be- 
ginning." And then creation ceased. Why.' Simply be- 
e God's moral government had begun, — because in ne- 
I rossarj conformity with t\ie\na\.\\>i\.\o'ao?\W.\.sgivev[imeni,thei^ 
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was til i)e a thorough identity maintained between the glori- 
fied and immortal beings of the terminal dynasty., and tile 
dying magnates of the dynasty which now is; and because, 
in consequence of the maintenance of this identity as an 
essential condition of this moral government, mere atls of 
creation could no longer carry on the elevaiory process. 
The work analogoua in its end and object to ibose acts 
of creation which gave to our planet ila successive dynaa- 
lies of higher and yet higher existences, is the work of 
Redemptios. It is the elevatory process of tlie present time, 
— the only possible provision for that final act of re-cren- 
tion " to everlasting life," which shall usher in the terminal 
dynasty. 

1 cannot avoid thinking that many of our theologians 
attach a too narrow meaning to the remarkable reason "■ an- 
nexed to the Fourth Commandment" by the Divine Law- 
giver. " God rested on the seventh day," says the text, 
" from all 1 k 1 1 He had created and mado ; and 

God blessed h h d v, and sanctified it." And such 

h Decalogue why man should also 
h d J God rested on the Sabbath, and 
h f man ought also to rest on tbc 
hi But I know not where we shall 
h b I f that that Sabbath-day during 
m ly commensurate in its duration 
)b b f hort-lived man, — a brief period, 
1 on of the earth on its axis. We 
1 , a shadow of evidence that He 




-the theologian can 

S bbath of rest may still exist ; — the 

work of Reueihttjq:^ may be the work of hi6 Sablnilk iLqij. '^Vm:, 



elevatory process through successtve acta of creation which 
engaged Him during myriads of ages, was of an ordinary 
week-day character; but w'-en the term of his moral go¥- 
emment began, the elevatory process proper to it assumed 
the Divine character of the Sabbath. This special view ap- 
pears to lend peculiar emphasis to the reason embodied in 
iho commandment. The collation of the passage with the 
geologic record aeema, as if by a species of re- translation, to 
make it enunciate as its injunciion, " Keep this day, not 
merely as a day of memorial related to a past fact, but also 
as a day of cooperation with God in the work of elevation ill 
relnlioa both to a present fact and a future purpose. God 
keeps his Sabbath," it says, " in order that He may save ; 
keep yours also, in order that ye may be saved." It serves, 
besides, to throw light on the prominence of the Sabbatical 
command, in a digest of law of which no part or tittle can 
pass away until the fulfilment of all things. During the pres- 
ent dynasty of probation and trial, that special work of both 
God and man on which the character of the future dynasty 
depends, is the Sabbath-day work of saving and being 



" The common objection to that apecial view whicli regards the 
dayi of creation as immensely protraclbd periods of time, furnishes a 
apocimen, if not of reasoning in a circle, at least of icaaoning from a 
mere aasiunptian. It Grat takes foe granted, that the Sabbath day 
dnring which God rested was a day of but twenty-four hours ; and 
then argues, &om the supposition, that in order to keep up the propor-' 
lion between the six previous working days and the aOTenth day of 
rest, which the reason annexed to the fourth coramar.dment demands, 
these precious iays must also have been days of twenty-four hours 
each. It would, I have begun to suspect, square better with tha 
ined facts, and he at least equally in arcordaace with Scriptura, 
e tt ; process, and atgnc ftiat, because Uod'a working dayf 




I is in this dynasty of the future that man's moral and 
intellectual faculties will receive their full development. 
. The expectation of any very great advance in the present 



were immensBly protracted pcrioda, hu Sabbath ranst alto be an im- 
mensely protmoled period. The cea-son attached to the law of the 
Sabbath sccma to be Himply a reaton of propoTtion ; — the objection to 
vhich I refer is ui objection palpably founded on consids-atiom of 
proportion. And certainly, were the reason to be divested of pro- 
portion, it would be divested also of its diatinctive character aa a 
reason. Were it to run aa follows, it could uot be at all understood : 
— " Six days ehalt thou labor, Sc, biit on the seventh day shalt thou 
do no labor, &0. ; for in six inunenscly protracted periods of many 
thousand years each did the Lord make the heavens and earth, &c., 
and then rested during a brief day of twenty-four hours ; therefore 
the Lord blessed the brief day of twenty-four hours, and hallowed 
it." This, 1 repeat, would not be reason. A:1, however, that seoma 
necesBary to the integrity of the reason, in its ebaractcr as such, b, 
that the praportlon of six parts to seven should bo maintained. God'a 
periods may be periods expressed algebraically by letters symboHcal 
of unknown quantity, and man's periods by letters symbolical of 
quantities well known ; but if God's Sabbath bo eijual to ono of his 
■ix working days, and man's Sabbath equal to one of ha six working 
days, the integrity of proportion is maintained. When I see the pal- 
pable absurdity of such a reading of tho reason as the one given 
■bove, I can see no absurdity whatever in the reading which I sub- 
join : — "Siti periods (o=o=a=a=a=a) shalt thou labor, 8:c., but on 
the seventh period (i=^^) shalt thou do no labor, &c. ; for in six ocH- 
odt (x — J — j^a^=j=^j:) tho Lord made heaven and earth, kc, and 
tested the seventh period, (y^j;,} therefore the Lord blessed the 
BBveuth period, and hallowed it." The reason, in its character as a 
reason of proportion, survives here in all its integrity. Man, when in 
his unfkllen estate, bore the image of God, but it must have been ■ 
miniature image at best ; — the proportion of man's week to that of 
his Maker may, for aught that appears, be mathematically just in its 
proportions, and j ct be a miniature image too, — the mere scale of a 
map, on which inches represent geographical degrees. All those 
week days and Sabbath days of man which have come and gone sines 



scene of ihiogB — great, at least, when measured by man'a 
liirge capaciiy of conceiving of the good and fair — seems 
to be, like all human hope when restricted to time, an expec- 
tation doomed lo disappointment. There are certain limits 
wilhin which the race improves ; — civilization is better than 
ihe want of it, and the taught superior to the untaught man. 
There is a change, loo, effected in the moral nature, through 
that Spirit which, by working belief in the heart, brings its 
aspirations into harmony with the realities of the unseen world, 
that, in at least its relation lo the future state, cannot be esti- 
mated too highly. But conception can travel very far beyond 
even its best effects in their merely secular bearing ; nay, it 
is peculiarly its nature to show the men most truly the sub- 
jects of it, how miserably ihey fall short of the high standard 
of conduct and feeling which it erects, and to leach thero, 
mure emphatically than by words, that their degree of happi- 
ness must of necessity be as low as iheir moral attainments 
are bumble. Further, — man, though he has been increasing 
in knowledge ever since his appearance on earth, has not 
been improving in faculty ; — a shrewd fact, which they who 
expect most from the future of this world would do well to 
consider. The ancient masters of mind were in no respect 
inferior in calibre to their predecessors. We have not yet 
shot ahead of the old Greeks in either the perception of the 
beautiful, or in the ability of producing it ; there baa been no 
improvement ia the inventive faculty since the Iliad was 
written, some three thousand years ago; nor has taste become 



man first entered upon this scene of being, with all wMcli shall yet 
came and go, until the resurrection of the dead terminates the work 
of Redemption, may bo included, aud probably are included, in ttka 
one Sabbath day of God. 



more exquisite, or the perceplion of the Jinniiony of numhr rs 
more nice, since the age of the jEneid. Science is cumu- 
lative in lis character; and so its votaries in modern times' 
Bland on a higher pedestal ihan iheir predecessors. Bui 
though nature produced a Newton some two centuries ago, 
as she produced a Goliath of Gath at an earlier period, the 
modern philosophers, as a class, do not etceed in actial stat- 
ure the worse informed ancients, — th E Id Arcl^ 
■knd Aristotles. We would be witho se f h h B 

con, Mdton, and Shakspeare of these 1 f h w il 

full before us, we recurred to llie.obs I b ! f h h h 
man race is deteriorating ; but then h h h d w 

have certain evidence, that since g fi be 

sciously to register in its works its o b Ik d p p rt 
there has been no increase in the ma mp m 1 

quality of individual mind. As for h d m h h 
be some extraordinary elevation of I g ral pi f f 

the race achieved by means of ed mpl 1 

hallucination of the age, — the wo Id p n I h I 

expedient for converting farthings h I b 

dint of scouring. Not but that education is good ; it exercjses, 
and, in the ordinary mind, developes, faculty. But it will not 
anticipate the terminal dynasty. Yet further, — man's aver- 
age capacity of happiness seenns to be as limited and aa inca- 
pable of increase as his average reach of intellect r it is a 
mediocre capacity at best ; nor is it greater by a shade now, 
in these days of power-looms and portable manures, than in 
■fte limes of the old patriarchs. So long, loo, as the law of 
increase continues, man must be subject to the law of death, 
with its stern attendants, suffering and sorrow ; for the two 
laws go necessarily together ; and so long as death reigns, 
hitman creatures, in even the best of limes, 
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quit ihU scene of being without proressing much satisfnctioi. 
ai whal they have found either to it or themselves. It will no 
doubt be a. less miserable world than it is now, when the good 
come, OS there is reason to hope they one day shall, to be a 
majority ; but U will be fell- to be nn inferior sort of world 
even then, and be even fuller than bow of wishes and long- 
ings for a belter. Let it improve as it may, it will be a scene 
of probation and trial till the end. And so Faith, undeceived 
by ihe mirage of the midway desert, whatever form or name, 
political or religious, the phantasmagoria may bear, must con- 
tinue to look beyond ia UDSolid and tremulous glitter, — its 
bare rocks exaggerated by the vapor into air- drawn castles, and 
its stunted bushes magnified into goodly trees, — and, fixing 
her gaze upon the re-creation yet future, — the terminal dy- 
nasty yet unbegun, — she must be content to enter upon her 
filial rest — for she will not enter upon it earlier — "at 
return " 

" Of Him, the Woman's Seed, 
Last in the clouds, trom hearcn to be revealed 
In glory of the Father, to dissolve 
Satan with his perverted world, then raise 
From the conSngTsnt mass, purged and refined. 
New heavens, new earth, agas of endlfisa date, 
Pauniled in righteousness, and peace, and love. 
To bring forth fruits, — joy and otetnid bliss." 

But it may be judged that I am trespassing on a field into 
which 1 have no right to enter. Save, however, for ila close 
proximity with that in which the geologist expatiates as prop- 
erly his own, this little volume would never have been writ» 
ten. It is the fact that man must bclicvingly cooperate with 
God in the work of preparation for the final dynasty, or exist 
throughout its never-ending cycles as a lost and degraded 
creatare, ihat alone renders the development hypothesis 
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rormidable. But inculcating that the elevatory process is ono 
of the natural law, not of moral endeavor, — by teaching, in- 
ferentially at least, that in the better stale of things which is 
coming there is to be on identit;-? of race with that of the ex- 
isting dynasty, but no identity of individual consciousness, 
— that, on the contrary, the life after death which we are to 
inherit is to be merely a horrid life of wriggling impurities, 
originated in the putrefactive mucus, — and that thus t!ie men 
who now live possess no real stake in the kingdom of the 
future, — it is its direct tendency, so far as its influence ex- 
tends, to render the required cooperation wilh God an impos- 
sibility. For that cooperation cannot exist without belief as 
its basis. The hypothesis involves a misreading of the geologic 
record, which not merely affects its meaning in relation to 
the mind, and thus, in a question of science, substitutes error 
for truth, but which also threatens to affect the record itself, 
in relation to the destiny of every individual perverted and 
led astray. It threatens to write down among tlie degraded 
and the lost, men who, under the influence of an unshaken 
faith, might have risen at the dawn of the terminal period, to 
enjoy the fulness of eternity nmong the glorified and the 
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